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INTRODUCTION

Les chercheurs du centre Louis EMBERGER i & 1pu19mt un  grand
nomb s dP donnéas provenant réesul tats de toutes sortes
d'expéarimentations.
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PRESENTATION DU CNRS

Crée en 1939, le Centre National de la Recherche Scientifique est
un établissement public national & caractére administratif, doté de la
personnalité civile. o

Flacé sous la tutelle du ministére de la recherche, le CNRS est
le principal organisme de recherche fondamentale en France.

Sa mi ion est "d'effectuer ou de faire effectuer, " dorienter,
susciter, coordonner, évaluer, et développer des recherches présentant
un intEret pouwr 17avancement de la science et le progrés économique et
social, sur le plan national et international et de favoriser leurs
applications".

En 1784, le CNRS regroupe 25.000 personnes dont 9.900 chercheurs,

15,100 ingénisurs, techniciens, et administratifs:; il dispose de prés
de 1.2300 unités de recherche propres ou associées pour un budget de &

milliards de Francs.
Let stablissement comporte des laboratoires propres, mais il a
noud  avec des formetions universitaires des liens tres
ad e individuslles, contrats, formation,...?).
relations  entre le monde universitaire et celui de ]
tituent un fait important dans le développement de  la

17 éducation.

Cion du Centre Lowls EMBERBER

19741, le centre Louwis EMEBERGER a pour

ommant 17 homme peut modifier ces structures pour en
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Frésentation du matériel'utilisé :

LN

Mon stage & consisté principalement en la réalisation d'un logiciel
qui  devait asswer la continuité avec dautres programmes existants.
Aussi, J'ai du 17écire sur la mEme machine et sous le mEme systéme
drexploitation, afin d*éviter des problémes de transfert de fichiers.
Ce logiciel est prévu pouwr fonctionner sur un TEM PC, o compatible,
mais a éte deévelopps sw un PO AT dont la i cécution  permet
une utilisation plus souple. }

Far conséquent, il est implantd sous le FC-DOS version 3.010, &t
ecrit sous BASICA version 3. 10, )

Cependant, il peut p = sans probl éme swe o nTioports guelle machins
de la série FC.

e tracew , HF 74754 est un plotter tres classious, & & coulesuwrs de
et qui accepte les formats de papier &4 et &3 11 dispose

d7instructions  dmportant gui permsttent i lifier la
plupart des tr
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ELETRONIQUE AFFLICATION
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MENU FRINCIFAL =

GRAFHIX =

Fointéd dun fichier —e ]
Realisation d'un ajustement —— D
Tracé d une fonction ———T

Fim du travail < |

- 11

ce menu, "Fointé diun fiochier permet de charger
at de les tracer.les fichisrs de points peuvent

i fférants @

La premiérea
un fichier
gtre sous 2

N

ards o ce sont des fichiers de données ne  contenant
de points.

que des

- Ffichiers HNELDER-MEAD = ce sont les fichiers de sortie du pEogranme
d*ajustement. On peut les wtiliser pouwr le pointé, bien quils
contisnment un glmnd nombre diinformations inutiles. (Malewr des

o Carrés des résidus, ...)

parametras,
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Frincipe de la méthode d’ajustement

Rappelons tout d*abord les “mombe e avantages quoffre
17algorithme de NELDER % MEAD par rapport  aux  autres algorithmes
disponibles. ,

Tout d® abord, cette méthode dfajustemsnt ne  #écd
connalssance des dérivé partielles de la fonction,
elle evite & 1'utilisatewt des calow fastidie
algorithmes imposent avant chague aju
De plus, la gualité At ametre:
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Choix du matériel utilisé :

Ce logiciel est prévu pour fonctionner sur un IEBM FC ou compatible,
mais a éteé développé sw un FC AT dont la vitesse d° wgécutimn permet
une utilisation plus souple. _

Far conseguent, il est implanté sous le FC-DOS version

ecrit sous BASICA version 2.10.

,Hr“ndanf il peut passer sans probléme sur nimporte guelle machine
de la série FC. .

e traceur, HF 74750 est un plotter tres classique, & & couleurs de
feutres, et gul sccepte les formats de papier A4 et Al Il dispose
d7un Jeuw diinstructions important dui permettent de sisplifisr la
plupart des tracés. Les instructions sont de la forme @ Mrédmonigue,
Farametre, Terminabteur

-

Zol0, et est

Choix du langage utilisé :

tous les langages & notre disposition, nous n'avons b
ef Bazic pouw les facilités de mise au pﬁint quTils o
la . (Micraosoft ou Turbo) ne s szt pas =
“Hdﬂf pouwr L7interfacage avec le traceur, st
s Basio.
tout 1= détauts conmus du Basic, comme sa lenteur o
de structurs, il nous est apparu comme dtant le ssul langage
piloter facilement un périphérigue.
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Un second probleéeme délicat est celul du format des données.

Le AT émet bien entendu les chiffres sous le format réel, avec
mantisse el exposant, alors que le tracew ne reconnalt que le format

i . aveo 4 chiffre ; :
1T faut donc utiliser
Frévoir

urn format identique & celud
arvdissensnt dans le 5 ow les
i “leure a4 4 chiffres

les
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généralisée, de la cinétique de récupération, une composante
"croissance" de forme linéaire. On  obtient ainsi la fonction
definitive suivante:

-
@=f (L) =( = (1 PR~ Lty'Th +F .t (1)

Le graphigue 2 montre le résultat de cet ajustement.

ce GRAFHIDUE 2 - -

de croissance, dérivée de cette fonction, & pour

d B A
% .k (-2 fciwtvr'tg «1),§ ) - EXFOR -1)LF ) + B (2

de cette dérivée &
sw lae graphigue 1)
=3 On trouverailt alors une
ives de la dérivés,
sion de signe dans quel ques
rEneres. Il faudrait dono, si
gdTautre procédés mathématiques

gque nous  avons utilisée: ]
“ivéEs supprime cet inconvenient.
moﬁtr& la fonction @ exprimés en fﬁ =2t =a
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Dans cet exemple d’application, aucune preuve particulisre,
ne nous permat d'affirmer que la loi de variation du diamétre du tronc
au cours diune jouwnee suit la fonction (1), Mais nous remarguons gue
cette fonction décrit trés bien le phénoméne. Le modélisatewr pourra

donc  avantageusament  introduire dans son mo
fonction continue de lissage

Ceci ne diminuera pas la pr i
entre les valesw ;
plus souvent indi
contre imports
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10 REM

LE20) REIM o e e o e e e 11 1 11 8554 15 1 16 5 1 5 14 1 15 5 15515 5 1 5 1 5 1 5
30 REM D (GRAFP LI e

40 REM Par JB PUEL , P SOTQ, JL. SALAGER CNRS L.owis EMBEROGER Montpellier
T0 REM Copyright (C) 1986

60 REM

T 1 - BT -
80 REM

90 REM

ﬁOO ON ERROR GOTO 6300 -

‘110 REM Menu ‘

R0 KEY OFF @ KEY 1,"GOTO S00"+CHRSCIEY : KEY B,0EATO 42200 +CHRS C13)

130 CL.Ss ‘ . '

140 STI1$=CHRS (201D +STRINGH (76, 205 +CHRS ¢ 1687)

150 STR4=CHRS (200X +8TRINGH (76, 205 ) +CHRE ¢ 16361

160 LL$=CHRSC186) +STRINGSH (76, 32)+CHRS C186)

170 LOCATE 2,2 : PRINYT 8714

180 FOR I=2 TO 21

190 LLOCATE I+1,2 @ PRINT LL.#

200 NEXT

&10 LOCATE 22,2 @ PRINT S7T246;

220 REM

230 REM

240 LOCATE 6,34 : COLOR 1 : PRINT "GRAPH X oo COHLOR 4

2%0 LOCATE 8,19 : PRINT "CNRS Centre Lowis EMBERGER  Montpellier"

260 LOCATE 11,21 :© PRINT "Tracé d/une fonction LD I R

270 LOCATE 13,21 : PRINT "Pointé o/ un fichier —— 20

280 LOCATE 15,21 : PRINT "Réalisation dun ajustement D ARG A

290 LOCATE 17,21 : PRINT “Fin du travail e 3

300 LOCATE 20,40 : PRINT "Votre choix

B10 Xe='"' ¢ WHILE Xtm="" o X UNKEYS 0 WEND

320 LOCATE 20,6% : PRINT X%

330 IF VAL (X$)=0 THEN 310

340 ON VAL (X%) GOTO 360, 770,4040,3940

3%0 REM

360 CL.& ‘

370 LOCATE 5,10 : COLOR 1 : PRINT"Tracd d/une fFonction ajustde " @ COLOR 4
380 LOCATE 6,2 : PRINT "Saisie de Lla foncbtion

390 LOCATE 10,2 : PRINT "Saisir la fonction entre les Lignes 500 et S5O0
400 LOCATE 11,2 : PRINT "Puis presser la touche ;@ COLOR 11 @ PRINT "' 0 COLO
R 4

410 LOCATE 13,2 : PRINT "Fonction actuelle v

420 PRINT : PRINT

430 LIST S00~%%50

440 REM

450 REM

460 REM

470 REM

480 REM

490 REM

500

%10

520

%30

$40

TS0 DEF FNY(X)a((HC1)/ZHCR) = CHCT) ZHCEY XEXP - THHCBY YRHCRIXXIIDIACCT/CT=HCEY ) ) Y4 4
) XX)

Y60 CLS )

Y70 LOCATE 3,% : PRINT "Utiligez-vous des param@ltres d/ajustement 72 (O/N)
T80 Xe=''" : WHILE Xé$=="' : Xe:=INKEY4$ @ WEND

H90 LOCATE 3,56 : PRINT X#

o~ o oe pooe Ve oo v




B A AEIC ) MENn 0 A ceunun & Demmmage G L) A SN g T e
B20 GOTO 580 car

630 LOCATE 5,2 : INPUYT "Nom du fichier contenant les paraméetres 2 0", FP$
640 OPEN "IV, 41 ,FP%

®U0 FOR I=1 T 11 : LINE INPUT #1,a% @ NEXT

660 INPUT #1,A%

©70 N=UAL (RIGHTS (A%, 1))

680 FOR I=1 T N

690 INPUT #1,AH

700 HCI)=UAL(RIGHTS (AS , LENCAS)~17))

710 NEXT

720 TYPFNsu=1

730 GOTO 1160 : REM Tracd

740 REM

7%0 REM Tracé¢ des pointes dssug d7un ajustement Nelder-Moasd

760 REM ‘

770 CL.S

780 TYPFN=2

790 DIM X(300) ,Y(300) :: REM Dim arbitrairve, 3OO0 maximuam prdédsuund

800 LOCATE %,23 : COLOR 1 : PRINT "Paintd d’un fichiev" @ COLOR 4

810 LOCATE 7,2 : INPUT"Nam- du - fichier & chayvager 7 ", FCHS

BR0 IF FCH#="'" THEN 130 ‘

630 LOCATE 9,2 : PRINT "Fichier Nelder-Mead 27 Q7N O

B840 X@m'' o WHILE X$u=" o XebmINKEYS o WEND

8%0 LOCATE 9,31 : PRINT X%

860 IF X#='"0'" THEN ND=1 : GOTQO 890

870 IF X&="N" THEN ND=0O : GOTO 890

880 GOTO 840

890 OPEN "IY,#1,FCH®

900 IF ND=O THEN 1060 .

D10 WHILE A "VALEURS CALCULEES ET ECARTES o

920 LINE INPUT #1,A%

930 WEND

940 LINE INPUT #1,A%

DO LINE INPUT #1,A%

960 Adm't :

G770 P=0

980 WHILE NOT EOQFC1)

YO P=P 41

1000 INPUT #1,A

1010 INPUT %1 ,X(P),Y(P)

1020 INPUT #1,A : INPUT 41,nH

1030 WEND

1040 GOATO 1160 @ REM Traocd

1050 REM

1060 AB="" : P

1070 WHILE NOT EOF 1)

1080 PP+ 1

1090 INPUT #1,X(P) ,Y<(P)

1100 WEND

1110 REM

1120 REM

1130 REM

1140 REM

1150 REM

1160 CL.S

1170 LOCATE 1,23 : PRINT " Traocd de courbes sur Plottey HP"

1180 LOCATE 3,2 : PRINT " Couwleur de la plune 7 o LOCATE 3,26 ¢ COLOR 11
PRINT 2" : COLOR 4

1190 Xéa=''"  WHILE X#=="" : X&$=INKEYS : WEND

1200 LOCATE 3,26 : COLOR 11 : PRINT X4 : COLOR 4 .
1210 PN=VAL (X$) (22X (X$=CHR$C13)>)> : REM @i Xt=vetwrn, PNms=g
1220 LOCATE %,2 : PRINT " Agrandissement sur X 72V
1230 LOCATE %,27 : COLOR 11 : PRINT "1 . COLOR 4
1240 LOCATE %,27 : COLOR 11 : EINPUT ", AGXs : COLOR 4

W ONRPA N PP AT e PR RN N ) -
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B R

1260
1270
1280
1290
11300
1310
1320
1330
.1 340
1350
1360
1370
. 1380
390
400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1%10
1520
1530
1540
1%5%0
1960
1570
.01"
1580
1590
1600
1610

1620

LOCATE %,67 : COLOR 11 : PRINT "1 : COLOR 4

LOCATE %,67 : COLOR 11 : LINPUT "7, aA0Y4% : COLOR 4

ABX=VAL. (AGXS) : AGY=UAL CAGYS)

IF AGX®H="" THEN AGX:=1 @ 1T AGY®="" TREN AGYs |

IF TYPFN<Y2 THEN 1360

REM _

REM 8i Nelder-—-Mead, le paramétre est L7indice du bableaan

Pl 1 o PRE=GTRGECP) 0 PAG:

GOTO 1470

REM )

LOCATE 7,2 : PRINT " Valeur inférieure du parsmétre 7 '

LOCATE 7,36 : COLOR 11 : XEINPUT' ",PI14% : COLOR 4

IF Pis="" THEN 1360

LOCATE 8,2 @ PRINT " Valeur supdérieure du paranmétre 7 "

LOCATE 8,36 : COLOR 11  INPUT™ ",P2% : COLOR 4

IF P2%="" THEN 1390

IF VAL (P24%) <=VAIL.(P14%) ~THEN 1360

IF TYPFN<CY> 2 THEN PaOSu (VAL (P23 VAL LR T3 ) /100D

REM

INSTH="PD" : SMpm="

REM Le trmcéd ge fait plume basse, 8M$ est le margueur de point.

IF TYPFN==2 THEN LINSTS="PU" @ SMeax!

REM Ici, tracdé plume hauwte, le marqueunr eslt ""x" (modifiable)

REM Pour un tracé plume basse, TNGTHmPpDY

REM '

REM Calcul desg bornes XML, XMaA, YMIL et YMA

REM

GOsUB 3620

REM

REM

IF TYPFN=2 THEN PAS:=1 @ GOTO 1610

LOCATE 15,2 : PRINT " Pag du trace 72 ' @ LOCATE 1%,19 @ COLOR 11 © PRINT "0
COLOR 4 .

LOCATE 195,18 : COLOR 11 : INPUT " ", FASs : COLOR 4

PAS=VAL (PASS)

IF PAS®H="" THEN PAS= . 01

LOCATE 15,40 : PRINT " Tracd des axes 7 (O/N) oo AXEE s WHILLLE AX e

AXE=INKEY® : WEND

LOCATE 15,68 :COLOR 11 : PRINT aAX$% : COLOR 4 @ TF AX$B<>"0" AND aAaXs <> "N THE

N 1610

1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1760
1790
16800
1810
1820
1830
1840
18%0
1860
1870

WY

LOCATE 17,2 : PRINT " Titre du tracdg 7 "
LOCATE 17,21 : COLOR 11 : INPUYT """, TITRES : COLOR 4
LOCATE 19,2 : PRINT " Légende, axe des X 7 "

LOCATE 19,2% : COLOR 11 : INFUT ", LEGXs @ COLOR 4

LOCATE 20,2 : PRINT " Légende, axe des Y 72 "
LOCATE 20,25 : COLOR 11 : INPUT Y, LEGY® @ COLOR 4
IF AX$="N'" THEN 1740

LOCATE 22,2 : PRINT " Unitée de gradustion — axe des X 7 "
LOCATE 22,38 : COLOR 11 : INPUYT ', UuxX @ COLOR 4
LOCATE 23,2 : PRINT ' Unité¢ de graduation - axe des Y 2 "
LOCATE 23,38 : COLOR 11 : INPUT LY s COLLAOR 4
LOCATE 24,2 : PRINT " OK 7 (/N> ¢

X't o WHTLE X$='' o X INKEYS @ WEND

LOCATE 23,1% : COLOR 11 : PRINT X4 : COLOR 4

IF X$="0" THEN 1800

IF X#$="N" THEN 1160

GOTO 1790

REM ,

BORNE $m=XMNG+'" , " +XMMe-+'" , "+ YMNb+'", Y MME 4+

REM

ET$=CHR$ {(3) )

OPEN "COM1:9600,N,8, 1 ,€80,0D80,0CD0"AS #3

PRINT #3,"IEN;IP,;" ;ETS;

GOsUB 2L00 ‘

REM

Leeen s e



1890

REM

1900 IF LEGX®:m'"" AND LEQ@YSh:="" AND TEITRES:"" THEN 193830

1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080

2090
2100
2110
2120
2130
2140
2150
2160
2170
2180

GOsUB 2760

REM

GOSUB'QQRQ : REM Fixe les Limites matdér 21lles
GOsuB 2%00

REM

REM Définidtion duw cadre

PRINT #3,"SC" ;BORNES TS ;

REM ‘

REM Tracd des axes

REM

IF AXe:="0" THEN GOSUEB 2960

GosuB 200

REM

REM Positionnement suy le premier point
REM

X=UAL (P 1#)

GOsuUB 2600

PRINT #3,"PU;PA";  PRIENT A3, USTNG tedieletl: o oflldhell 5 XX
%3, USING" dededidh . helbdbd" ;YY; = PRINT #3," ;" ET%,;

REM

REM Dernieregs initialisations

REM

PRINT #3,"SP" ;PN;" ;" ETS;

RIEEM

REM Boucle principale

REM '

PRINT #3, INSTS ;ETH;

FOR X=UAL (P1%) TO VAL.(P24%) STEP PAS

REM Premier test de tempo

PRINT #3,CHR$ (27 ;" . B";ETH,;

A*mll'l B B*mllll

WHILE B®<OCHRSC(13) : BH=INPUTS 1 ,#3) - Adh=Od4Bae
IF VAL(A$) <912 THEN GOSURB 21520

REM Test erreurg traceur

PRINT #3,"0E;";ETS

ABattt . By

WHILE B#$< >CHR® (13> : B$=INPUT®HCT,8#3) @ Ab=Ab+Be
IF VAL(A$Y (>0 THEN ERROR 200

GOsuUB 2970

PRINT #3,"PA"; : PRINT :#3,USENG" kbbbl 5 XX

USING" #bddd . #d84" ;YY;  PRINT #3,",;8M";8M$ ;" ;" ETE,;

2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2%00

2510

L UL PN

NEXT X

PRINT #3,"8PO;";ET%;

CL.OSE

ERASE X,Y

GOTO 130 : REM Retouyr au mernu

REM

REM

REM Pointage Nelder-—Mead

REM v

REM Tri chu tableaw

REM

XMIBs=STRB(XC1) ) + XMeyhee XML 0 YME$H=8TREG Y 1))
FOR I==1 TOQ P

IF XC(I)SVALXMIS) THEN XMEI$:=STRB X))
IF XD >VAL.(XMAB)Y THIEN XMAG=EGTREOXCLE )
IF YCID)SVALCYMIES) THEN YMIG=STRBCY (L))
IF YD) >VuAal.CYMAs) THEN YMA$=GTRECY L))
NEXT

GOTO 2140 : REM les tableaux cont dinitislisds,
REM )

REM Boucle de tempo pour e tracd

REM

P S TN Y] . e i

PRENT 3, ,";

WEIND

WEIND

PRINT

2 LR

Y My Y ML

débnat

(&[N

o acd

FPRINT

PRINT

#3,



R
2530 PRINT #3,CHRGCR7)Y ;" . B";ETS;

2540 WHILE B$<OCHRSCIE) : BhsINPUTSCT,#3) © AdbumASEBe  : WEND

28O IF VAL.CA®) X512 THEN RETURN ELSE GOTO 2920

2%60 RETURN = ‘

2570 REM

2580 REM Calcul des valeurs & tracer

aY%90 REM

2600 ON TYPFN GOSUB 2630 ,2710

2610 XX=XXXAGX : YY=YYXAGY

2620 RETURN

?630 REM

?640 REM Cartésiennes implicites
PGSO REM
2660 XXmX
2670 YY=FNY(X)
2680 RETURN
2690 REM
8790 REM Récupération des pointes Nelder-Mead

2710 REM

B7R0 XX=mX(X)

K730 YY=Y(X)

2740 RETURN

2750 REM

2760 REM

Q770 REM Ecriture des labels

2780 REM

2790 PRINT #3,"SPYPN; ;Y TS ;

2800 IF LEGX$%='"" THEN 2630

26810 NIwmINT (47~ CLENCLEGXEY Z2))

2820 PRINT #3, "PASER, 386, CPY NI, - 9L LEGXS ETS

2630 IF LEGY®m" THEN 2860

2840 NI=INT(31-(LENCLEGYS$)/2))

2850 PRINT #3,“Pﬁ400,88@;0l0,1;OP“;NI;”,.9%;LB“;LEGY$;ET$;

2860 IF TITRES='"" THEN 2920

2870 NImINT 25~ CLENCTITRES) /782))

2880 PRINT #3,"PASSE, 7300011 ,0,8RT.38,2.6;,CPY N, S LB TITRES TS ;

&890 PRINT #3,"SR.7%,1.%," ET%;

2900 RETURN

2910 REM

2920 PRINT #3,"IP 1000, 1000, 10000, 7000 ;" ;KT ;

2930 REM ‘

2940 RETURN

2950 REM

2960 REM

2970 REM Routine de tracd des axes

2980 REM

2990 L=VAL (XMAS) VAL, (XMLH)

3000 H=VAL (YMAS) ~UAL.CYMIL %)

3010 PRINT #3,"8P1;,PUO,0 ;" ;ETYS;

3020 X==0

3030 PRINT #3,"PD;";ETS;

3040 WHILE X<UAL (XMAS)

3050 PRINT #3,"PA" ;X;",0;XT ;" ETH;

3060 PRINT #3,"PU;CP-1,-~'1;";ET%;

BO70 PRINT #3,"LB";STRBCX) ;ETS;

3080 PRINT #3,"PU;PA";X;",0;PD;";ETH;

3090 XmX+UX ‘

3100 WEND

3110 GOSUB 2500

3120 PRINT #3,"PD" ;XMA% ;" , 0" ;BT ;

3130 PRINT #3,"PU;PR";  FPRINT 383, USENG ekl el 5 /100> ; 0 PRINT 3, ,"; © PRIN
T #3,USING" " #4% . %% ; (H/ =120 ;  PRINT #3,"PD;Pa" ; XMA%S ;" ,0;";

3140 PRINT #3,"PD" ;XMAS ;" ,O;" TS ;

3150 PRINT #3,"PU;PR"; : PRINT $#:3,USTNG  dkdld . et 5 CL/~100); + PRINY #43,",";  PRIN
T #3,USING"#%% . ##" ; (H/~120) ; PRIENT #3, PR PAY ;XMAS ;" 0,

P I L "



T 83, USING " #&4% . 4' ; (H/120) ;

3170 PRINT #3,"PUO,0" ;ETH ;

3180 GOSUB 2500

3190 Xm0

3200 PRINT #3,"PD";ET®;

B210 WHILE X>VAL (XMI$)

3220 PRINT #3,"PA";X;",0;XT;";ET%;
BR300 IF X=0 THEN 3270 .

3240 PRINT #3,"PU;CP~1,~1;";ETS;

3PS50 PRINT #3,"LB" ;S8TRS (X)) ;ETH;

3260 PRINT #3,"PU;PA";X;",0;PD;" " ;ETH;

BR70 XmX-UX

32680 WEND
3290 GOSUB
3300 PRINT
3310 PRINT
3320 Y=O
3330 PRINT

3340 WHILE

3350 PRINT
3360 PRINT
3370 PRINT
3380 PRINT
BBYO YmY4UY
3400 WEND
3410 GOSUB
3420 PRINT #3,"PDO, " ;YMAS ;" ;" ETH;
3430 PRINT #3,"PU;PR"; PRINT
T #3,USING"  ®dt . H4" ; (H/~75) ;
3440 PRINT #3,"PU;PRYy! : PRINT
#3, USING "S85 . Hd'' ; (H/ 75 ; PRINT
3450 PRINT #3,"PUO,O; " ;ETH;

3460 Y=O

3470 PRINT #3,"PD;" ;ETS;

3480 WHILE Y>VAL (YMI$)

3490 PRINT #3,"PAO,";Y;" ;YT " ETS;
3%00 IF Ym0 THEN 39540

310 PRINT #3,"PU;CP-6,0;" ETH;
3520 PRINT #3,"LB";8TRSCY) ;ETS;
3530 PRINT #3,"PU;PAO,";Y; " iPD; " ETS;
3540 YmY-UY

3550 WEND

3560 GUSUB 2T00 ,

370 PRINT #3,"PDO, " ;YML ;" " ETS;
3580 RETURN
BEI0 REM

3600 REM Caloul
3610 REM

BGERO X=UAL (P 14)
3630 YMI$=STRH(YY)
3640 FOR X=UAL (P1%)
3650 GUSUB 2600

2500
#3,PDY XML, 0 ETS;
#3,"PUO,O ;" ETS;

*3,"PD; " GETS;

Y<VAL CYMAS)

#£3,0PA0O, YT ETS
#3,"PUCP~6,0;" ETS;

#3, LB BTRS Y SETS;
#3,UPUGPAO, Y RPD G ETS

2500

PRINT

de XMI$, XMadt, YMI$ el YMA®
GAasuB 2600
YMAga=Y ML S

TO VAL (P2%)

XML b=SGTRB (XX

STEP

PAS

660 IF XX<UAL CXMI®H)Y THEN XMEI$=ETREG (XX)
3670 IF XX>VAL. (XMAH)Y THEN XMAG=STRE (XX)

3680 IF
3690 IF
3700
3710

YY<SUAL CYMI%)

YY>VAL. (YMAS)

NEXT

IF TYPFNusi THEN XML 14

3720 LLOCATE 10,2 PRINT "
XMI%$ COLOR 4

3730 LOCATE 10,3% COLOR 11
3740 IF X1#<>"" THEN XMI#=X1$
3750 LOCATE 11,2 PRINT " Valeur
XMAS COL.OR " 4
3760 LOCATE 11,3%

P

THEN
THIEN

YMI4
YM(\{[, us

ETRGBCYY)D
SBTRECYYD

XMAyha b7 2%
Valeuyry dinfdérieurea

ENPUYTYY X
gupdrieure

COL.OR 11 ENPUT O, X2

D PPN IR . [Pt

A3, USTNG  ielell el L/ =130
3, FPDPAG, T S YMAS ;Y
A3, DS TNG el . bl (L7130

A3, PG PAO, T Y MAS G ETS

PRENT #3,"PR;P7  XMAS ;" , 0" ETS

FRINT

PRIENT

KMy XML b

- o@mxe dew X 7', COLLOR

COL.OR 4
cderes X 70V,

- ERX G COLAOR

COLCGOR 4

Al " [
B3, 0,

2 DAL

11

PRIEN

PRINT

PRENT

PRINT



%—
37680 LOCATE 12,2 : PRINT Y Ualeur inférieure - axe des Y 72 "; @ COLOR 11 : PRINT

YMI$ : COLOR 4
3790 LOCATE 12,3% + COLOR 11 -+ INPUT" , Y14 : COLOR 4
36800 IF Y18>"" THEN YMI$u=Y1é
B810 LOCATE 13,2 : PRINT " Valeur supérieure - axe des Y 7 "; @ COLOR 11 : PRINT
; YMA® : COLOR 4 - ‘ ‘
13820 LOCATE 13,3% : COLOR 11 : INPUT"",Y24% : COLOR 4
IF Y283 THEN YMA®:=YR%
LX= (VAL ( XMASH ) VAL CXMESG) ) /730 LYY= (VAL CYMAS ) ~UAL.CYMEI$S) ) /380
XMN$=STRE C CINTCUAL (XMIBI X100 ) /100D
XMMB=STRE ( CINT (VAL CXMAS) X 100 ) /7 100)
YMN$=STRSE CCINT (UALCYMES) X100 ) /100
YMMS=STRS ( CINT (VAL CYMASG)Y X100 ) /100D
REM ‘
RETURN
REM
REM Sortie
REM
CL.8
LOCATE 10,3% : COLOR 1 @ PRINT "Au revoir' @ COLOR 4
LOCATE 22,2 : PRINT "Retour auw systéme 72 (/N v
Xepsatttt o WHILE X$=''" o X INKEYS  WEND
LOCATE 22,31 : PRINT X%
IF X$="N'" THEN CLS : END
IF Xé="0'" THEN CLE : SYSTEM
GATO 3970
REM
END
RIEM ]
REM PROGRAMME. XXX NELDER--MEMD %Xxx
REM PROGRAMME D AJUSTEMENT MULTEIPARAMETRIGUE ET MULTIVARIARLE

cL.s
PRINT : PRINT "ENTRER LA FONCTION DE LA LIGNE S500 & Lo LIGNE 5550 a80Us L.
A FORME SUIVANTE ,EX.:'": PRINT
4100 PRINT "S500 Yl OGO CI) XX )RR Y+H R XX (R ...
4110 PRINT : PRINT "HC1) 42 0 0 0 CDIFFERENTS PARAMETRES A AJUSTER"
4120 PRINT : PRINT X1y ,X<2) . o CDEFFEREMTES UaiMEIABLESY : PRINT
4130 PRINT "PUIS PRESSER LA TOUCHE Yoo COLGR 1T s PRINT "F3Y o COLOR 4
4140 PRINT TABC14) ;! et
4150 PRINT"" :PRINT""
4160 PRINT"Fonction déj& programmdéea’ @ PRINT !V PRINTY
4170 1.IST S710-5760
4180
4190
43200
4210
4220 REM
4230 DIM XO0(1,300),Y(300)
4240 DIM Js(20)
4250 REM ENTREE DES VALEURS INITIALES DES PARAMETRES
4260 CLS .
270 INPUT "NOMBRE DE PARAMETRES = "N
4280 DIM P(N,N + 3> ,F(N + 3> ,C(N),HOND
290 CL.8
4300 PRINT TABC¢ %) "VALEURS EINITIALES DES PARAMETRES": PRINT
4310 FOR I = 1 TO N
4320 PRINT "PARAMETRE ' ;%"= ", INPUT "' ;0L
4330 NEXT I
4340 REM CREATION DE LA MATRICE DE PARAMETRES
4350
4360 FOR I = 1 TO N + 1
4370 FOR J = 1 TO N
4380 P{(J,I) = CC
4390 NEXT J

R X e e & - R T T e oo e . - . . . - e




e
410 NEXT I

4420 PRINT : PRINT
4430  INPUT "NOM DU FICHIER DES DONNEES ENTREES @ ;R$: PRINT
4440 INPUT "NOM DU FICHIER DE SORTIE : ;U PRINT
4450 OPEN “0", #1, J$

4460 OPEN "I, #2, R%

4470 GOSUB 190

4480 REM ET aAaPE

j;44-90 REM swos suss sone sves sese sase 3409 s0se sets save sese sam

4500 GOSUB 5880

4%10 REM E T A P E 2

4520 REM coem oass sese oo e sebe sese vese save sess sras Bess Sese

4530  REM CALCUL. DE M NUMERO DE L 2ENSEMBLE & ERREUR MAXIMALE
4540 REM MO NUMERQ DE L ENSEMBLE A ERREUR MINIMALIE
4550 M w1 MO s

4560 FOR I = 2 TO N + 1 \

4570  IF FCIY > F(MY THEN M = I

4580 IF FC(IY < FOMOY THEN MO = I

4590  NEXT I '

4600 GOSUB 57680

4610 REM CALCUL DU POINT REFLECHL / CENTRCOILDE
4620

4630 FOR I = 1 TO N ‘

4640 PCI,N + 2) = CCEY 4+ CCLY = PCL,MY)

4650 NEXT I

4660 L. = N + 2

4670 GOSUB 5940

4680 REM ET APE 3

4 690 R E M oeoe s00e sece seve s00e sese BRFT s0se aopa s00s 0008 vase

4700 IF FI(N + 2) < F(MO)Y THEN GOTO 4850

4710 IF FA(N + 2) > F(MY THEN GOTO 4980

4720 H = 1

4730 FOR I = 4 TO N + 2

4740 IF F(HY < FCIY AND T < > M THEN M =
4750 NEXT I

4760 FOR I = 1 TO N

4770 PCE,M) = PCI,N + 2)

4780 NEXT I

4790 FI(M) = F(N + 2) .

4800 IF H = O THEN 5110

4610 IF H ¢ > N + 2 THEN G6OTQ 5110

4820 GOTO 4980

48330 REM E T a4 P E 4

4840 R'i” 0000 500 6900 0500 S000 S500 04 4000 000 4050 o T Save

4850 FOR I = 1 TO N

4860 PC(I,N + 3) = CCLY + @& % (PCE,N + 2> = 0CCEy)D
4870 NEXT I -

46880 L. = N + 3

46890 GOSUB %940

4900 IF F(N + 3) > F(N 4 2) THEN H = 0: GOTO 4760
4910 FOR I = 1 TO N

4920 PCL,M) = PC(I,N + 3)

4930 NEXT I

4940 F(M) = F(N + 3)

4950 GOTO %110

4960 REM ETaPpPE %

4970 REM ve S6T 5005 2900 0us PPO PIIR FOee SEes G000 TOGP Tome

49680 FOR I = 1 TO N

4990 PCI,N + 3> = CCI) —~ .5 % (CCEY -~ PCE,MY)
5000 NEXT I

5010 L = N + 3: GOSUB 5940

5020 IF FI(N + 3) < F(M) THEN 4910

5030 FOR I = 1 TO N + 1

5040 FOR J = 1 TO N

BOBO P(J,I) = (PCJ,I) + PCJ,MOY)Y / 2

eoe a0 oe o cos s ooame

o




o e e e I

5070 NEXT I

SO0 GOSUB 5880

5090 REM E T APE &
5 1 oo RE:M 0rer 5000 4090 4000 0000 0920 5900 S600 000 2008 s00¢ 2000
5110 GOSUB 6040

H120 REM CRITERE D’ARRET

%140 IF 8D = §8 THEN 00 =00 + 1: GOTO %180
5150 88 = D

w160 IF 00 > 1 THEN Q0 = 1

5170 GOTO 4550

180  IF 00 < 10 THEN 4550

BI190 REM E T A P E 7

BEOO  REM e s
HR210 REM IMPREGSTION DES RESULTATS FINAUX

WHE G famt K K K K K KKK KK KKK KK K KKK KKK KK KKK KKK K K

5230 PRINT #1,: PRINT #1,: PRINT #1,: PRINT 1, PRINT #1,

WR240 PRINT #1,"FICHIER D/ENTREE : ";R#%

B250 PRINT #1,"FICHIER DE SORTIE: ";J%

55260 PRINT #1, TABC 200 ; "PARAMETRES QPTIMALIX"

ESE?O PRINT #1, 8T$: PRINT #1,

HRB0  PRINT #1, " "NOMBRE DE PARAMIETRES :' ;N

H290 FOR I = 1 TO N

HB00 PRINT #1, "PARAMETRE ";I5" @ "D

5310 NEXT I

HEA0  PRINT #1,: PRINT #1, 8T

{3330 PRINT &1, : PRINT #1,"MOYENNE DES CARRES D/ECART DES RESIDUS - " ;EM/P
f5340 PRINT #1,: PRINT #1, 8T4% : PRINT #1,

:$350 PRINT #1,"VALEURS CHLCULEES ET ECARTES :": PRINT #1,

%360 PRINT #1, "NO PT';

HAI70 FOR K = 1 TO NX: PRINT #1, " XCUG; K, o NEXT K

5380 PRINT #1," YEXP YAl ERR"

BRI FOR I = 1 TO P

Y400  FOR K=1 T NX : XK =XOC(K, L) : NEXT K

%410 GOSUB 700

5420 PRINT #1, USING "db#%"; I ;

430 FOR K = 1 TO NX

f$440 PRINT ®1, USING " cfedleded .l ' XCOKDY 5 00 NEXT K

5450 PRINT %1, USEING ' st . bbbl Aol el S A AA df ookl el ANAANT Y CEDY , Y, YY (R
T460 NEXT I !

5470 REM ET APE 8

:”J’;’,eo REM et 5250 5000 Trre S00e 5906 SI00 4990 Fese S99e S00 SeSe

F5490 CLS

HHOO (CLOSE #1

Y510 CLOSE #2

A0 PRINT TAB(20) ; "Paramé&tres optimasuax '

5830 PRINT S8T$:PRINT

Y40 FOR I= 1 TO N

 BE50 PRINT"Paramétre ;L o Y000

HE60 NEXT I

HH70 PRINT"MOYENNE DES CARRES DES RESEIDUS: Yo EMZP
580 LOCATE 23,60 @ PRIENT ')

CBEQO Xdsmt o WHTLE X®s o Xss INKEYS 0 WEND
5600 REM

610 REM Retour au menu

Y620 REM

H630 GOTO 100

640 REM

WHEH0 T REM T CaALCUL DE La FONCTION POUR LE L
5660 IEME ENSEMBLE DE PARAMETRES Al POINT X
BHE70 REM %xxxx DESCRIPTION DE LA FONCTEION X XkxxX
%680 REM H(n) est le n idéme paramélre

Y690 REM X(n) est la n iéme variable

B700 REM Ecrire la fonction de la ligne 1600 & 1650

L Y L Y PR ~




5720 ABmHC 1) /H(Z) ‘ : o
5730 Ym(AB-(AB) XEXP ¢ ~MMXF ¢RI XX 1)) ACT /MM +HC4) KX (1)

5740

%750

5760

770 RETURN

5760 REM COORDONNEES DU CERNTROLIE

5790

?aoo FOR I = 1 TO N

5810 C(I) = O

BER0 FOR J = 1 TO N + 1

BE30 CCL) = CCId + P,

HEB40  NEXT J

BEHO CCI) = (CCLY = PCL,M))Y / N

SB60 NEXT I

5870 RETURN

G0 REM  CALCUL DE L/ERREUR POUR TOUS LES ENSEMBLES DE PAORAMETRES
ST

LYOO0 FOR L = 1 TO N + 1

5910 GOSUB $940

HYRO  NEXT L

B930 RETURN

5940 REM  CALCUL DE L/ERREUR POUR LE L ITEME ENSEMBLE DE PARGMETRES
BYGO
H960 F (L)

@ Q)
WO?70 FOR I wm 1 TO N:HCI) = PCL LY PRINT MO NEXT : PRENT " "
Y980 FOR G = 1 TO P
990 FOR K

w1 TO NX:XCK)Y = XOC(K,G): NEXT K
6000 (OSUB 700 o

6010 FCL)Y = F(L) + (Y -~ Y(BY)Y ~ 2

6020 NEXT G

6030 RETURN

6040 REM CALCUL DE L/ECART TYPE DE L‘ERREUR

60%0 '

6060 REM ERREUR MOYENNE

6070 EM = ©

6080 FOR I = 1 TO N + 1

6090 EM = EM + F<(I)

6100 NEXT I

6110 EM = EM / (N + 1)

6120 PRINT : PRINT "MOY. DES CARRES DES RESIDUS "EM ~ P
6130 8D = O

6140 FOR I = 1 TO N + 1

6190 8D = QD 4+ (F(IL) - EM) ~ @

6160 NEXT I

6170 8D = 8D / (N + 1)

6180 RETURN

6190 REM LECTURE DES PQOINTS EXPERIMENTOUX SUR DEISOQUIETTTE
6200

6210 INPUT #2,1D%
6220 PRINT #1,1D% o

6230 P

6240  K==1 @ NX=

6GR%0 INPUT #2,XO0CK,P)Y,Y(P)

BR60 IF EOQF(2) THEN 6290

6GR70 PupP 41

6280 GOTO 6250

G290 RETURN

6300 REM

6310 REM Traiditement des erveurs

6320 REM

6330 IF (ERL=2330) THEN RESUME NEXT

6340 (CL.S

6350 IF (ERR=S53) THEN MES$: " Jo ne trouwve pas ce fichievy ... 0" G700 6420

6360 IF (ERR=71) THEN MES$= " e disque n’est pas pret ... " o GOTO 6420

e 2o oo 2 sovs toe vee o vaee (PRSI .. o




6360 IF (ERR=75) THEN MES®= " Evrveur de chemin d’acces ... " @ QGOTO 6420

390 IF (ERR=76) THEN MES$= ' Chemin non trouvé ... " & GOTO 6420
6400 IF (ERR=200) THEN MES#H= " Errveur traceur N :© "4+A%4+" @n Ligne
G410 IF (ERR=200) AND (A$h="3") THEN XmX+PAS @ RESUME

6420 LOCATE 12,25 : PRINT MESS

§6430 LOCATE 23,60 : PRINT "e-)n Xefpau 100 QU LLE bttt o Xbm I NIKEYS 0 WEND

§§440 IF (ERR=%3) OR (ERR=71)> OR (ERR=72) (R C(ERR=7%) OR (ERR=76) THEN RESUME 110
6HA450 RESUME NEXT

6460 END

%i
‘8 card
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MICRO
SYSTEME

AUTOMODIFICATION DE FROGRAMMES BASIC
SUR IEM RC AT

pars J-kE PUEL,J-L SALAGER %
CHRS Centre Louls EMRBERE
route de Mende
EF 51
MONTFELLIER-Cedex

L7automodiftication
Fernconteré auiouwrd® huid T
autodépannage et en dautres
L7aspect que concerne  le langage
unn IBM PO AT, smEnt de sa séquence le
ecrit  lui  mEme = ive] d lignes dinstruction.
) : dapplication qus i
d'une instruction en ITNFUT,
séquence 8t son exécution.
Mous donnons an
avons  réalisdé, outil

programmes nécéssitant da

concerne la Salsie

on ad bon endroit de la

e proge

ble pour la mise au point  de

darns le niveau machine.



Nous nous proposons donc de saisir une fonction
mathematique dans une chaine de caracteéres, que nous integrerons
au programme en tant que ligne dinstructions A
Il faut tout d’abord déterminer & guel endroit du programme la
ligrne doit @&tre insérée car les pointews BRasic du FC sont trés
mobiles et dépendent de 17 occupation de la mémoire.

E la le rdéle du premier sous programme s il "balaie" 1la
mémoire entre les deud adressss qui, par expérience, encadrent le
mieux la zone recherches. Ce sous programme recherche  tout
simplement les caracteéres correspondant & "FNY (", contenus dans
1 "espression DEF FN, gui réside a cet endroit.

l.a seconde phase de la modification concerne le codage
pour cela nous wtiliserons deuws tableaw de réels TFN et TFX.
Dans un premier temps, nous conserverons les parenthéses et
les  espaces ainsl gque le caractére X gui représente la variable

de la Tonction. Ces caractéres ne sont pas codés par
l’infﬁrprﬁtcur Basic, aus=si, ils pourront &tre "Fokés" sans

modifications.

Dans w sscond tCTD:q vient le codags des fonctions
mathématigques SIN, COS, AN,  ATN,  LOG, EXF, SR 2t AEBS. Nous
négligerons la foncoction P“D qui, bien gu'étant assimilée aux
précédentes ne présente qu’un intérét ludigque. Le codage de ces
fonctions est respectivemant 1E7, 140, 141, 142, 138, 139, 135
et 134 précédés par- 255,

Ernsuite, vient le codage des opératewrs mathématigues: +a -
¥,/ et 7. Notre programme de Dump nous a permis de trouver leur

odage: il 8 agit de e, 235,234 et 227. Nous placerons donc
ces valeurs dans le tableau TFN, & lewr place respective.

Erntim, nouws  allons coder les numérigques: pow cela nous
le tableau ME vira a repérer la position des
numérigues dans le tableaw TFHM.  MNous allons ensuite compacter le
bleau TFN de sorte gque les nombr soient contenus dans une

= du  tableaw et non plus chiffre par chiffre, dans
S1EUS CaseEs.

i

Huant aw codage des
Tout d7abord,
= 17 st la

il faut sxaminer plusieuwrs cas:
5 wnflw = compris entre O et 23 o

1aur e est placée =2n mémolire.

cas tismrs compris entre 10 et 256:

----- N=IRb fication, mais on  les place
= 15 1 :fé:wnf@ 121 .

""" @mti atifs, compris entre —-22763

Entre Tt 57 1 au1vent un caodage différent.

sont décompo an dew: autres entiers, qui sont le

MODULO 25& de 17 entier & coder { ex 4 2 représente

BCOra, nows allon ~& les nombres ainsi obtenus
TFM. e cas des entiers négatifs ne pose  aucun
: = : le signe - qui les précéds est codé  comme
op érat e «r]khmﬂthu@ de la soustraction ( 2324 1.

LA rid & » de la modi = i e@st plus rapide s alle
comprend tout diabord la "mise en ordre" du tableau TFN (décalages




a gauche et suppression des O), qui utilise un tableau
intermédiaire : TFX, puis le "pokage" en mémoire de tout 1le
contenu du tableau. ' '

Nous prendrons une derniére précaution : placer aprés la

fonction un bon nombre de ° » c’est a dire de REMs dans le but
d*"écraser" tout reste dune fonction précédente.

Remarquons, bien qu’il ne soit pas envisagé dans ce programme, le
probleéeme posé par le codage des réels. Le basic Microsoft code-

les réels sw 4 octets, respectivement I de mantisse et 1

d’exposant. Cette méthode de codage est nettement plus complexe
puisquielle utilise . la notion de développemnent en série.
Far exemple, pow coder 0.813%, nous 17 écrirons:

172 + (1*1/4 + O¥1/78 + 1¥1/716 + O%1/7322 + L.. ).

Ce développement s arreéte au niveauw 23, c'est & dire pour
172724, et il est clair que 17on pesut le résumer par une série de
O et 1 représentant un masque de bhits. Le signe représente un 24¢
it (O = positif, et 1 = négatit:. Ces 24 hits forment ez 3
octets de la mantisse.

L7 exposant est formé diune maniére plus S L mp
représente la position du premier bit & 1 dans le dével
de la mantisse, auquel on ajouts EHPF soit 127. Dans 1 ample
ci-dessus, le premier bit & 1 est celui de 1/4, c'esst & dire le
hit 1. L7exposant sera donc 128.

Ce codage est trés deéelicat sw IBM FC, car 1714 “Eteur
hasic ne respecte pas 1l ordre conventionnel pow placer  les
octets entre ewd, et pour placer lss bits & 17intérieur de chaque

octet (poids fort en té&te), ni pow placer les trois octets de
mantisse entre eux (la aussi, poids fort en téte).

~y

ala



Frogramme de saisie d’une
sur IBM FC

Far J-B FUEL, J-L SALAGER

CNRS Centre Louis EMEBERGER,

CDpvr1ght §0))

Rechaerche du futuwr emplacement de la fono
SEG

FOR I=7000 T0
IF PEEE {(T)=151
NEXT

RDEE = 1 « SV = 1
CLS
COLOR 1 &

BOOO
THEKN IF FPEEK(I-+1)=32 AND FEFK

wroo
fov P B

LOCATE
g urie fonchion @
5 charges
Y o WEND

LOCATE 7,2 @ PRINT "Saisie o
LOCATE 9,2 @ FRINT
Xm0 p WHILE Xg=00

LOCATE 5,47 @ FRINT X%
CHE=

| ol
LT

"oul e e-viol
$= [ NEE

THEN
THER

IF s
CHG=1
LOCATE

o

la fonction

11,
IF NOM&="" THE
ﬂﬂhp«“kw”+h035

THNFEUT
1170

YMom de

BLOGE
GOTO

L EE
b1

i

[=
g e
1

4T TEr
.
1]

. !
3o PRI "o
I

LOCATE 11
LOCATE 173,
LOCATE 1é&.48 ¢ PRIMTY Y =
LOCATE 1&,17 SELTY Y FOMO
FEM Traditement la Fonotion
L=l EN (FONC
DIM TEN LMD DI
REM On conserve
FOR I=1 T0DO Ln
CE=MIDS (FONCT

I D= (" OR

1 or B50Us
T des

MaRE (LD
cter

les ez et les parent

OF Dg=" " THER

IE e U T
-t e Fal

ions mathématigques

TERNOTI+1 =134
TFROTI+1 =135
TEFMOT+1 =157
TERICI+1 =138
TEMNOIA+1 =139
THFM{T+1 =140
s TREMOT+1) :
g TEMOT+L =

TFR (T
TFM (I
TFRCT)
TFRN(T)
TEM{T)

sz 3B »

D& Op@rateurs
CSGTG

580

L
Fe=pID% (FONCTS, T,

IUR I= T0O
12

Fe="+" THEMN TFM(I)=
THER TFRNC T 3
THENM TFMN{

550 IF
600 IF
410 IF F#

F_,_vxr;__ o u

bt ‘4\ "

FRINT "Gutomodification

fonction

% F 80TO
Montpell

Juin 1986

“tion

(I+2) =209

d7un p

fonction

o MOM%

1a

1Eses

TFN (1) =4

sC

ier

THEN 140

rogramne BASIO U

L R 1]

du disgue

(C%)

s

-



~te L

THEN TFN(I)=237

630 IF Fg=van
640 NEXT
650 REM Codage des numériques
660 REM I1 faut d’abord isoler les nombres
670 FOR I=1 TO LN '
680 IF VAL(MID$S(FONCT$,I,1))<>0 THEN II=1 : GOSUER 710
60 NEXT
700 6ATO 780
710 FOR J=I1 TO LN
720 IF VAL (MID$S(FONCT$,J,1))=0 0OR J=LN THEM GOSUE 750
IO NEXT ) a
740 RETURN
750 Fe=MID® (FONCT$,IT, (J-I11)) ¢ F=VAL{F$)
TEO TEFN(ITY =F ’
770 RETURN
780 I=I1-1
790 IF VAL (MID® (FONCT®, T, 1)) <50 THEN TFNCID)=Val (MID$ (FONCT$,1,1))
800 REM Compactage du tableau TFN
810 FOR I=LWN TO 1 STEF -1
820 IF TFNOI)=  TFN{I-1) MOD (1O LEN(ETRSCTFNII-1232-23))y THEN TFNC(I)Y=0
GEG MEXT
840 REM Recherche de la position des numérigues
G850 FOR I=1 TO LM
860 MARE (1) =0
870 IF VAL (MIDE (FONCTS, T, 130 <50 THEN MARK (1) =1
8680 MNEXT
870 FOR I=LN TO 1 5TEF -1
GO0 IR MARK (I)=1 AND MA&REAT-10=1 TrEN MARE (1) =0
F10 NEXT
20 REM Codage des numdrigues
FOR I=1 TO LN
IF MARE (Ii=1 THEN GOSUER %70
MEXRT
ZHC GOTO 1010
IF (TENCOD) 20 GND TENI» =% THEN TERNI)=17+TFN(IY ¢ GOTO 1000
IF (TFMAI) AND TFN I 2258 THEN TFNOI+1=TFMN(I) 3 TFN(II=15

IF OTRNCDY 22855 THEM TRFNOI+1=TFM{I} MOD 2556 @ TFNOI+2)=TFN(I) N 256 @ TFRN(I

i
")

RETURRM

FEF

REM Supression des O
CT=0

1040 FOR I=1 TO LK

1050 IF TRAN(I) =0 THEMN CT=CT+1
MEXT

DM TFX LN~

HE |

Je=
FOoR I=1 T0 LN
IF TRFROD Y50 THEN TFX{I =TFR{TY 2 J=Jd41
MEXT

REM Folkage de la Ffonoction

FOR I=1 TO LN-CT

C DEE+Z7+1, TFX (1)

FO

FOREE DER, Z2 @ FORE DEBE+1,38 @ FORKE DEBE+Z, 142 @ PORE DEB+Z,217 @ FOHE DEBR+

/
1180 FOR I=1 TO 50 @ FORE DERB+4+1, 59 ¢ MNEXT
1190 FRINT

p REM Nécessalre pows foroer 1M interpréteur & reconnaitre la fc
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2RO

Iﬁdﬂ

1450
1470
1480
1470
1500
1510
1520

REM
REM E
REM
CLs
FEY 1,
LOCATE
» COLO
FPRINT
CLs =
FRIMT
INFUT
INFUT
FRINT
FRIN
FOR
FRIMNT
MEXT
K=t
CLE
IF
LLOCATE
K="

v

T
£z

IF X%5

IF
LOCATE
LOCATE
LOCATE
IF MO

N e
AR

SE5al

CHG=

Mg 0

de la 4o

2 (173
Cres

1200 +0HRS
FRIMNT "

"EOTO
25,9 =

R4
: FRINT =
FRINT " 2
s FRINT
"Borne
"Borne

s FRIMT

LIST
FRINT

interieure
SLUp &l eure
"Yaleuwr de
BZ
;.I;II'} o

Bl 70
nogmn

= WHILE X$g="" =

1 THEM END
5.5 ¢ FRINT
: WHILE X$="" :
FUNYOAND X$oEnOn
THEN CLE : END
FRINT "Ouel
8,25 ¢ FRINT
8,5 @ INFUT "
THEN 1400

13} ;\\] 1
T.2

NOM$="F~"+NOM:S
(NOMS) »8
NOME, SV

IF LEN
SAVE

S5V

. (FIMN-

1220

it

1
n
a
"

RE=INEEYS

= IMNEEYS @
THEM 1420

THEM FRIMT

i
SFACES (30)
(&6 caracteres

la touchs :

m
Hi
i
iy
ot
o
m

ll"E{:l
Il!lB".?—

la fonction entre

"R FMNY (1)

WERND

"Désirer—vous sauver vobirs

WEND

donnez-vous &
11

masii )

"L nom est trop

la

COLOR

], <,

. MOME

Lormg .

fonctlon

fomct i on

fonct

— 11

Lt Rt

Rl

1

"o BOTO

L LOCATE 25, 2%

FRI




10000

10010 KEY OFF
10020 LOCATE 5,1
ez—-vous commencer le DUMF
LOCATE 6,
4
LLOCATE
REF$=""

10030
COLOR
10040
10050
1 QO&HO
FT%
10070
10080
100
10100

AV

(REFS$, 1)<

CLES

REM DUMF, module est destiné a etre "mergé"

ce
CLS

FRINT A partir de guelle adresse
COLOR 4 INFUT ADR
" Et sw combien de pages

COLOR 1

" -

.
o -

COLOR 1 FRINT
1 LG=(LG-1) %276
FRINT Désirez—-vous un écho ASCIITI 7
WHIILLE REF$="" REF$=INEEY$ NEND

IF LFFT%(REF%FI)QE"D" AND LLEFT® (REF$, 1)<
THEN 10040
1r="0"
1

1 = (276

INFUT LG
8,5

=
- n

il

e 11
Lo}

AND
::: 11" I"} "

R
FRINT

LEFT%(REP;.i)w“D“
DUMF

IF LEFTS (REFS,
LOCATE

"3 ADR

S
H e

FAGE = 12%2E 0 NF=INTOLG/PFAGE) +1
FOR T = 1 T NF

10110 CL.S

1 o)
101 :.i)

10140

10140

10170 b
10180 ]
LOCATE

101920

0l

Q0

102

10230

g L

10410

IF D

105306

FOR
FRI
FOR K
10150 AC=ADR+{ (I-~1) %2
FRI

10 NEX
O BATO
REM

]
A NP N

3 GOZUER
) COLOR
NEXT K
MERET
LOCATE
0L Ur s

LOCATE

3 REF%=

"'f' ,,..

1 TO
LIS TG " e 4

1 T0O 1%

i}

A1) RET FRINT "

RERETRI S+ 0T-1LEYy

NT

YA C{I-1 R LEY HE-

(A g

I S
"y FEEK

NT USTNG"###

JEXT K
MEXT J

.....

Ll
alad

10 = PRIV RETURN Four

1
(R

4

}:0__.:_!| "

BE

WHTLE

:: }._:.':?(‘_;:::ll "
I
10440

ECHO &S

[ Bl

Cil

o
o

IHFHTF 25,1 ¢ COLOR 1 ¢ FRINT " L'affichage se fait par mo
= A¥EI ¢ NP=IMNTOLG/PaBE +2

1 T0 NF

= 1 7O 23

i

“ "o
u u

.! P TG FRINT
CFo= 1 T0
ADR+CCT-113
LIS TG 4

s ADFA ((T-1)

&

T &

= ﬁDf**!f"J)ﬁ“f
10500
10

Gk (310 k&) FE -1
LA VALIDITE DU

" COLOR

CHR

)
iy

|". E:
FRIMT

i

"

J

FRIWT RETURM Four 1a

WEND

MY

o WEMD
Y " o i Fal

: WHILE
5 (REFS, 1)<
THEN 10450
EFE, 1=

e

COAND ARD LEF TS (REF

1r LFIT

Al

OR L =Mt THERM 10010

EFTS (REFS, 1

AFETOHAELE

EST

51 CHR= (A0

TESTE

D% [e=10 AND DI=13

THEN

IF D=0
28 AND

FETURM

(décimale)

LEFT$ (REF%,

la page

Y S
ragE

%,

THEM D%="

en fin de programmes.

octets)

1Y<>"N" AND LF

-
2

suivante.

itiés de page.

suivante

19 AMD LE

u‘ ':: 1 {"-j n

1"

ELSE
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Notice diutilisation de GRAFHIX

Détail de ce menu :




L7option "Opérations Discque" permet de cataloguer une disquette, de
déetruire et de renommer une fonction sauvée sous BRAFHIX, et enfin de
formatter une disgquette (A ou B, aucun risqgue pour le disque duwr ').

derniére option de ce mend prifncipal  permet de guitter le
raetowrnant aw systéme. :

ERSGTON BIMPLIFTE

ane version simplifide de
; ajustements NELDER-MEAD.
o’ type  de  btracé H e coordonné
i permet le tracéd dune foncoction ajustés

e de réocupérer les p

a1, bien entendu de point:
pointer un fichier guel congus
Editor IBM.

t inclus & cette
@ partailtement uns

STHTE:

GRAEFHTE e EwinTo

de la fonction ajustés.

GRAFHIY st GRAF, SE& VEFSIOn

r

clectionnear la

la dimmension norme




c’est a dire qu'il détermine guelles sont les valews extrémes sur les
axes X et Y. Ces valeuwrs sont admises par défaut, mais
l7utilisateuwr peut les modifier & son gré. Attention @ si 17on

lectionne wn cadre de dimmensions inférieures aux extrema de la
orct le tracewr : de se metbtre en  errews, at de touts
fagons, le tracé ne se fera pas dans son intégralité.

W K poe

AT denande

valewr - par

la  Fonction.
peul at
+audra z] ¥ BV L on

la ™ OGF amme G

par dét

aut .

sont

PO amme O

i Iopti

i
froaar

CUTERY.




= Vitesse de tracé : le programme utilise la vitesse de tracé
standard, mals pour un tracé sur papier {fin ou transparents, il faudra
la réduire ajouter la ligne suivante au programme :

#I, "VE+parametre;"sETS;  en ligne 4735 sur graphix, ou en ligne

sw GRAF.  Le paramétre doit &bre un nombre compris entre O et
cmi s

correspond & la wvit minimale @ O,

7 esth vitesse max: t cmss (Cvalew par défaut ).
trace & Fiuxé déftant & "xz". On pesut le remplacer par

gual caractérs
i 1 atsd tati

e comme XY oou "R par  exemple.  Powre
1 :
4

en ligne

L3 ovar-iable

ot Flume b
0 GRAFHT Y ouw

signifie Flums ba







10
20
30
4.0
S0
6O
70
a0
90
100

110
120
130
140
150
1H0O
170
160

190
200
210
220
230
24.0
2950
que
260
270
280
290
300
R10
320
330
34.0
[0
360
R70
380
390
400
410
420
430
4-4.O
4550
460
470

REM

REM -~ oot sees caes - caea soee wose voe e caee cee e 4000 0001 ca0e coen came caoe suve sece aese ove seee

REM Programme de tracé de fonctions sur HP
REM Par JRB PUEL.

REM Copyright () 1966

REM

REM  woommmmmsms v ‘ ca0e oaee eses aese sase [, st sace cacs oon case cone sone ess vnes cese e e sene e
REM

REM

CL.QSE

ON ERROR GOTO 3660

GAYTQ 1790 : REM Le pragramme de trazcé est apr&s la saisie . de la fonction
REM

REM Recherche du futur emplacemernt de la fonction

RIZM )

DEF SEG

FOR I= 8000 T0O 9000

IF PEEK(I)>=209 THEN IF PEEK{(I+1)=ASCVARS) THEN IF PEEK(ILI+2)=40 THEN 200
NEXT

DER = L : GV =

RETURN

REM

REM SGaisie de la fonction

REM

CLS + LOCATE 9,% @ COLAOR 1 : PRINT '"Dégirez-—vous charger une fonction dua
7" : COLLOR 4

CHG=0

X2ttt o WHHTLE X$='"" : Xe$=INKEY$ : WEND

IF X630 AND XH$<> "N THEN 2950

IF Xb="N" THEN 370

CHG=1 : REM Flag, permel de sauter la sauvegarde

LOCATE 8,2 @ INPUYT " Nom de la fonction & charger ', NOMS

IF NOM$="" THEN 230

NOME == F - - NOMS

BL.OAD NOMYS , DEB

GOTa 1590

REM

CL.&s o LOCATE 4,2 @ PRINT "Saisie de la fanctican '

LOCATE 6,5 @ PRINT "Entrezx la fanction sous la forme £(X) = 4 x X"
LOCATE 7,% :© PRINT "ou bien wtilisez des paventheses @ (X)) == (XX4)"
LLOCATE 9,2 : PRINT "Utiligsez-vous des constantes rvéelles 7 (/N
Xzttt o WHIELLE Xd=='" - X$=INKEY$s : WEND

LOCATE 9,48 @ PRINT X%

IF Xé='N"" THEN I=0 : GOTO 710

IF X$<>"0" THEN 410

LOCATE 10,2 : PRINT "Paramétres de Nelder-—Mead 7 QL /ND "

Xzttt o I TLE Xttt o b INKEYS @ WEND

LOCATE 10,38 © PRIENT X4

LF Xdb=""N" THEN 00

IF X< THEN 460

LOCATE 11,2 © INPUT "Nom du fichier contenant ces parametres 72 " ,FP4$
OPEN "1 41, F P

FOR F=1 T 11 o LUENE ITNPUT k1 ,Aa% @ NEXT

ENPUT 41, A%

N=UASL CRLGHTS (A%, 1))

FOR T=1 T N

INFPUT #1,A0%

HCEY=UALL(REGHTS CAadh  ILEN{ASY—-17))

NEXT

GOTO 680 )

LOCATE 13,2 @ PRINT "Combien de can fs't;zz'l":'tca*.e: "

dis



—
620
6530
640
B0
66O
GO
HEO
590
700
710
720
730
740
750
F6HO
770
760
790
OO0
310
2720
330
34.0
3150
RGO
370
QR0
390
200
310
3720

390
1000
1010
1020
1030
1040
1OE0
1060
1070
1080
1090
1100
1110
1120
1130
1140
L0
1160
{170
11680
F 190
1200
12210
1220
12230
1240
1250
2260

PR

LOCATE 13,27 : PRINT Xs$
CT=VAL (X4 )
FOR I=1 TQ CT

LOCATE 1441 ,% : PRINT "VUaleur de la constante H';I;'") z "

LOCATE 144X ,39 : INPUT"" ,HC(ID)

NEXT

LOCATE 144142 : PRINT '"'Désgirez-vous utilicer la fonction courante 2?2
Xpuett o WHILE Xé=='' @ Xe=INKEY$ @ WEND

IF X$="0" THEN CHG=1 : GOTQ 1600
LOCATE 144+143,6 : PRINT MODELES ;

LOCATE 144143, 18 : INPUT" " ,FONCTS

IF FONCT$="" THEN 1600

REM Traitement de la fonction
LN=LLEN CFONCT S )

DIM TFNU.NY : DIM MARK(LLND
REM On conserve les catactéres et les parenthéses

FOR T=1 T LN :
Ch=MIDSCFONCTS, L, 1)

IE Cd="¢" QR CH=')" (R CH="X" (IR Cd="H" (OR CH=' " THEN TFNCL)=A8C(CH)
NEIXT

REM Codage des foncltions mathématiques
FOR I=1 TO LN

Fb==MIDS (FONCTS , 1,3

IF Fe="GIN" THEN TFNCIL )=z
IF Fd="C0O8" THEN TFNC(E)=2 O TFNLE4H1)= 140
TF Fe=""ATN" THEN TFNCL=255 @ TFNCI41)=142
IF Fde="L06" YHEN TFN(E)I=25% -« TEN{I+1)==138
LF Fe==EXPY THEN TFNCL ) = TFN(T+1)W1?W
IF Fe="SWER" THEN TFNC(IY=25%  TFN{I+1)=135
ITF Fé:="TAN'" THEN TN =255 TkN(l+1)ml4l
NEDXTY
REM Codage des apérateurs
FOR T=1 T L.N
Fd=MIDS (FONCTS , I 1)
LF Fdzttgrt THEN
ITF Fd="-t THEN TFNCL )=
IF Fd=txt THEN TFNCL) =
TF Fda=ty THEN TFNCL )=
TF Fd==mat THEN TFNC l)«:’!’

NEZXT

REM Codage des numéribiques

REM 11 faut d’abord isoler les nombres

FOR I=1 TO LN

TF VAL (MIDS CFONCTS , L, 132 <>0 THEN II=1 : GOSURB 1080

NEXT

GOTO 1150

FOR J=11L TO L.N

TF UAL CMIDS CFONCTS , 0, 1) )=0 QR Je=llN THEN GOSUHE 1120

NEXT

RETURN

Fd=MIDSCFONCTS , LT, (Jd-L1>)> o F=UAL (F$%)

TFNCLL ) ==

RETTURN

Le=d-1

TF VAL (MIEDS CFONCTS , 1, 1)) <>0 THEN TFNCE Y =UAL. {rMIDS CFONCTS , 4, 1))

REEM Compractage dua tableauw THFN

FOR I=LN TO 1 STEP -1

TFOTENCT == ¢ TFNCE-=1) MOD 10N ULENCCSTREGECTEFNS L =100 32230 ) THEN TFN(L) =0
NEXT

REM Recherche de la positicn des muméeiques

FOR I=1 T {.N

MARIKCL ) =0

IF VAL (MIDSCFONCTS , X, 15)<>0 THEN MARK (L )=

NEXT

FEIR JwLN TO 1 >IbP m1

B N N N . a R T T

TENCE+1) =137

il.




-
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
TFN(
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
39
1560
11570
1580
1590
1600
) %xX)
1610
1620
1630

R A A

NEXT
REM Codage des numériques
FOR I=1 TO LN
IF MARK (X )=1
NEXT

GAOTO 1390

IF (TEFNCIDYO AND TFNCE)(=9) THEN TFNC(ID)w={174+TFNCI)
IF TENCI)>32767 THEN TEFN(I)Y=382767

IF (TENCID Y9 AND TFNCI) (RS6) THEN TFNCL+1)=TFNCI)
IF CTENCD) >=256) THEN TENCI4+1)=(TFNCL)Y MOD 2%6)
I=28

RETURN

REM
REM
CT=0
FOR I=1 T LN
TEFTFENCLY==0 THEN CT=CT+1
NEIXY
DM
\.):::: "
FOR I=1 TO LN
IF TFNCLDY <0
NEXT

REM Pokage de la fonction
FOR TI=1 TO L.N-CT
POKE DERAS4HL, THFXCL)
NEXT

DERB=DER +GHLN-CT
POKE DER, 32 POKE

THEN GOQ8UB 1340

GOTOQ 1380

TFNCX ) =15

Supression des QO

TEXUN-CT )

THEN TFX(JI)=TFNCIL) NEI S S

DEB+HT, 58 POKE DEB+2, 143 POKE DEB+3,217
FOR =1
PRINT
FIN=DER+3+1T
GOTA 1600
DEF

A AR A A A A A A AT A A A AN AR AT AR AR AR AN AP AR AR AV AV Y BN BV A AR AR AV A B AR A A AR A A AR A AR I BV A Y AV AR NV A A A I AV R AP a4

TO 2% POKE. DEB+44+1,39 NEXY

TR A AV P AN B Y A I AT SR A AN AV A R B AV AN AN

GOTA 3980
REM La fonction
DEF FNZ X)) =COS(X)

AR AR AR AR AP IR AN AN I EAT AT AR S AP Y AV R SR A AP AR AV AP SN AN IR AT AT A A AR AP AN N S A AR I R AT AN AN Y AP AP AR AR IR AR AR A A

ci-dessous est wltilisde en paramdétrique
AR AR AP AP A AP AP ST AF AR AT A AP AP AR I AR AN A A A AP ST AR AR AP AP AP AR AR ST A R AR AV P A AT AT v 4

Ry
TR A A A A A N A A A A P AP A A B A A A A N A I A A A A A R A A A A A I A A N
IF CHG=1 THEN RETURN
CL.S
LOCATE
Xpuztt 1
IF X6 "N
I X$==""N"
LCGCATE 7,2
LOCATE 8,29
LOQCATE &,% INPUT (6
TFONOME=="" THEN 1650
NCH D= - NOM S
ITF LENCONOMS) >
GOTO 1700
BGAVE NOMS , SV, (FIN-SU)

1640
1650
1660
1670
1680
1690
1700
1710
V220
1730
| 740
1 750

%, PRINT vatre fonction 7"

WHHTLE Xda=ttr
AN Xe >0

THEN RETURN

FRINT "Quel rmom dannez-—-vous
PRINT SPACES (30

"Désirez-vous
XK= TNKEY S
THEN 1660

sauver
WEIND

& la fonction 2V

' caractédres maxi) ', NGOMS

B CCLLEF TS CNCHME |, 2=t R ') x2) THEN PRINT “Le nom

1 760

’

’

s

@t

17270
1780
1790
1300
810
be20
1830
16340
163550

RETURN
REM

REM Meru
KEY OFF

CL.S

SY 1h=CHRS (201 +STRINGSE (76, 205) +CHR$,C187)
STR24=CHR$ (200 +STRINGS (76, 205 ) +CHRS C 1836)

L.t
LOCATE 2,2

PRINT ST14%

SHREG C186)) +GTRINGE (76, 32)+CHRS (186

TENCI+2)=CTFNC(IY \ 256)

POKE DEB+4 ,

FNY {X)=CH T ZHC2) = H I AHCR2I XEXP (= THH{BI I X (R2IXXI D IACCIZ/CT-HB) ) ) ) +H(

VAP AV AV A A A R A A v

TAR AP AP A A IR R ST Y A
AP AR AR AR S AR AR AR AR AR

FAR A N A g

trop long



»

1870
16880
1690
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
20350
2060
2070
2080
2090
2100
2110
2120
2130
2140

2150

. S
LOCATE I+4+1,2 : PRINT LL$
NEXT .
LOCATE 22,2 : PRINT S72%;
REM
REM IMPORTANT = Quel que =soait le nom des variables apparentes
REM pour L utilisateur, toutes les fonctionsg seront traitdes
REM en tant que FNY({(X) et FNZ{(X)
REM
LOCATE 4,34 : COLOR 1 : PRINT “"GRAPHIX " : COLOR 4
LOCATE 6,21 @ PRINT "Stage IUT 1986 - Jean—-Baptiste PUEL"
LOCATE 9,21 : PRINT "Cartésiennes Implicites b 2 R
LOCATE 10,21 : PRINT “"Cartéciennes Paramétriques @Y
LOCATE 11,21 : PRINT "Polaires Implicites === > oo
LOCATE 12,21 : PRINT "Polaires Paramétrigues g
LOCATE 14,21 ¢ PRINT ""Pointdé d7un fichier -
LOCATE 15,21 @ PRINT "Réalisation dun ajustemnent -
LOCATE 17,21 : PRINT "Opérvations disque : -
LOCATE 18,21 : PRINT "Fin du travail R
LOCATE 20,40 @ PRINT "Votre choix "
BEEP
X o WHILE X$b='*"  X&=INKEY4$ : WEND
LOCATE 20,63 : PRINT X%
IF VAL (X$)=0 THEN 2070
TYPFN=UAL_(X%)
ON VAL (X4$) GOTO 2150 ,:0:2240,2390, 2490 ,2720,2650 , 3090, 6970
RIEM
REM Cartécsiennes Impliciteos
REM
CL.ES - LQCATE 7.,% @ COLAOR 1 @ PRINT "“"Tracé de fonctians en Cartéciennes Impl

icites . : COLOR 4

2160
2170
2180
2190
2200
2210
S2220
23230
2240

LOCATE 9,3 : PRINT “"Ces fanctions sont de la forme Y

LOCATE 11,9 : PRINT " Y=6(X)

LOCATE 23,60 @ PRINT==>'" @ Xdé="0 o WHELE X$=='' o 3(e=INKEYS$S 0 WEND

VARS =YY" : MODELES$:==" Y = £(X) = ' : CLS @ GOSUB 160 @ GOSUR 250

GQATO 3990 : REM Tracd

REM

REM Cartdésiennes Paramétriques

REM

CLE « LOCATE 7,9 @« COLOR 1 @ PRINT "Tracde de fonctioane en Cartésiennes Pars

métriques . @ COLOR 4

2250
2260
2270
2280
&2:290
2300
2310
2320

LOCATE 9,3 : PRINYT "Ces fonctions sont de la forme

LOCATE 11,9 @ PRINY ' X=f{(@) el Y=fled"

LOCATE 15,% @ PRINT "Il fauwt done entrer les deux fonctiaons sépardment .
LOCATE 23,60 @ PRIEINTYaam) o X' o WHELE X' o e TNKEYS @ WHEND

REM

REM Saisie des deux foncticans sépardmernt .

REM

VARS="Y ¢ MODELES:=" X1 = £{X) = ' : CLS @ LOCATE 2,3 @ PRINT " Premié&re fc

noetion " 0 GOSUB 160 @ GOSURB 250

2330
2340

ERASE TEN, TFX, MARK
VARS="Z'  MODELE$S:="" Y1 = £(X) = ' (LS8 @ LLOCATE 2,3 @ PRINT o Secande fc

noetion ' @ GAOSUB 160 : GOSURB 250

2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460

N N

GATO 3990 @ REM Tracd

REM

REM Polaires implicites.

RIZM

CLS « COLOR 1 LOCATE 7.,% © PRINT “Tracd de fonclticnsg én Polaire Implicite
COL.OR 4

LOCATE 9,3 : PRINT "Ces fonctions sont de la forme @'

LOCATE 11,9 @ PRINT Y R=ft) aveoc R,rayon et t,angle .

LOCATE 23,60 @ PRINYT " W ELE 2=ttt o Xe=INKEYS  WEND
REM

REM On boucle sur t , le pas est défini par L7utilisatewr ouw fixdé
REM )

UBiR$b="Y" MODELES$:=" R = £{X) == " CLS @ GOSUB 160 : GOSUB 2350

s e e seaanes oy e aeey -




maa e o s o aae e g

24680 REM

2490 REM Polaires Paramétriques

2500 REM

2510 CLES : LOCATE 7,9 @ COLOR 1 : PRINT "Tracé de fonctions en Polaire Paramétri
que . : COLOR 4

2UE20 LOCATE 9,3 : PRINT "Ces fonctions sont de la forme "

2530 LLOCATE 11,9 : PRINT " R=f(e) et t=fled "

2940 LOCATE 19,5 : PRINT "Il faut donc entrer les deux fonctions sépmrément .
2550 LOCATE 23,60 : PRINT == o Xés"' @ WHILE X&' @ Xée=INKEY$ : WEND

260 REM

270 REM Saisie des deux fonctions sépardément

2580 REM

290 VARS="Y'"  MADELE$=" R = £(X) = " : (CLE : LOCATE 2,3 : PRINT "Premi&re fonc
tion " @ GOSUR 160 : GOSUR 290 :
26H00 ERASE TFN, TFX, MARK

2610 VARG="2Z0 © MODELE®$="" T = £{(X) = " : QL& : LOCATE 2,3 : PRINT "Seconde fonactl
ion Y s GOSUR 160 : GOSUR 2950 i '
2620 REM

2630 GOTO 3950

2640 RESM

2650 REM

2HG0 REM Réalication dun ajustement Nelder-—-Mead

2670 REM

2680 RUN"NELDER'

2690 REM

200 REM Tracde des points dgsuse dun &justement Nelder-Mead

2710 REM

27RO CL.S

2730 DIEIM X300 ,Y(R0D0)> + REM Dim arbitraire, 300 maximuam présumdé
2740 LLOCATE 9,23 : COLOR 1 @ PRINT “Painté dun fichier' @ COLOR 4
2750 LACATE 7,2 @ INPUT"Nom du fichier & charger 7 ", FCHS

2760 IF FCH$="" THEN 1810

2770 LLOCATE 9,2 : PRINT "Fichier Nelder-—-Mead 7 (/N>

2780 Xb=' o WHTLE Xd==t o Xh=INKEYS @ WEND

2790 LOCATE 9,31 : PRINT X%

2300 IF Xd="0" THEN ND=1 : GQT0O 2830

28110 IF X$=""N'"" THEN ND=O : GOTQ 2830

2820 GATAO 2780

2830 QFEN 1,481, FCHS

2840 1LF ND=Q THEN 3000

2ENS0 WHITLE A% > "VALEURS CALCULERES ETY ECARTS o

2EGO LLINE INPUT #1,054%

: WEIND

2880 LINE INPUY #1, 4%

2890 LINE INPUT 41, A%

2900 A=ttt

24 P

2920 WHILE NOT EOF 1)

pt 11) oo ;27 * 1

INPUT 1,64

250 INPUT #1, XP)Y , Y (P)

2960 INPUT #1,A4 o INPUTY 41,0

WENID

GOTO =220 @ REM Tracd

REIM

3000 A=t o Pa()

FO10 WHIELE NOY EOF 1)

3020 P4

2030 INPUT 1 ,XP), Y (P)

3040 WEND

BOHO GATO B220 @ REM Tracdé

3060 REM

3OO0 REM

3080 REM Opdérations disque

3090 LS




-

3110
3120
3130
3140
3150
3160
3170
3180
3190
R200
3210
ARRO
3230
2240
3250
R2GO
3270
3280
3290
BEO0
3310
AHPO
RBZO
3340
3RO
3360

3380
3390
3400
3410
3420
3430
34-4.0
3415

2460

g SR PV TRE WY R 5P S v A= 40 M o

LOCATE 10,24 : PRINT "Détruire une fonction ———) 1
LOCATE 11,24 : PRINT "Renommer une fonction ——— 2
LOCATE 12,24 : PRINT "Initialiser une disquette - G
LOCATE 13,24 : PRINT '"Catalogue d/une disquette m———D 4
LOCATE 15,24 : PRINT "Retour au ment ———D 5"
Xpmatttt o WHILE X#="" : X#=INKEY#$ : WEND

IF VAL (X$)=0 THEN 3160

ON VAL (X#) GOTO 3190,3310,3380, 3520, 1790

REM Détruire une fonction

LACATE 20,6 : INPUT "Nom de la fonction & détruire 7 9, NOMS

IF NOM$="'" THEN 3090

LOCATE 22,3 © PRINT"Détvrwire “;NOME;'. .. Confirmation 7 (O/NO"

Xm0t 0 WHITLE X$== o Xb=INKEYS © WEND

IF X$<>70" AND X$<> "N THEN 3220

IF Xd=""N'"" THEN 30490

NOQMbB =" = NOMS 4+ . BAs”

KELL NQMS

GAaTO 3090

RIEM

REM Renammer wune fonction

LOCATE 20,6 @ INPUT "Nom de la fonction & renommey 7 ', NOMS$

TF NOMS®="" THEN 3090

LOCATE 21,6 : INPUT "Nouveasu nom de la fonction 7 ', NNOM$

ITFONNOM$="" THEN 3090

NOM$="F—"4+NOMS 4+ . BAS' 0 NNQM®EB== - S NNOMS 4 L Boas!

NAME NOM$ AS NNOM$

GOTO 3090

REM

REM Formattage dune disquette

LOCATE 18,4 @ PRINT "Quel disque vaulez—-vous formatter ¥ (A8 M

ezt o WHILE X$s= o Xh=TNKEYS : WEND

TF X$<2"AY AND X$<>"B" THEN 3400

DH= X b

LOCATE 20,10 @ PRINT "Formattage du disque ' ;X4$

LOCATE 21,1 : PRINT "Ingérez une disquette vierge dans le lecteur ' ;X4$
LOCATE 22,1 © PRINT "Tapewx F pour formatter, n‘importe quelle touche pour @

rreter'

3470
3480
3490
3500

jesvivle]
RE60
3BE70
REBO
3590
J[HO0
3610
3620
BH30
3640
RGO
3660
RH70
3680

G en

3690
E700
BP0
3720
HFB0

Xm0 WHLLLE Xt o Xb==ENKEYS 0 WEND

IF X$OU"F" THEN 3090

TF De="a THEN SHELLVFORMAT A o GOTe 3090

IF De="B'" THEN SHELL"FQARMAY R:'"  GOTO 3090

REM

REM Catalogue

LOCATE 20,% : PRINT '"De quel disque voulez-vous le catalogue 72 (AZ/BACY
XButttt o WHLLE Xe=:" 0 X=EINKEYS © WEND

CL.s

ON (ASC{X4$)—-64) GUSUR 3580, 3590, 2600

GAOTO 3610

S RETTUIRN

3ot 0 RETUIRN

S RETTURN

LOCATE 22,60 @ PRINT'=—->" o X' o WHTLE Xéb:=='' 0 Xa=TNKEYS 0 WEND
GATa 3090

REM

REM

REM Traitement des erreurs

REM

TF O CERR=18) THEN RESUME @ GOTO 1600

TF CERL=2330 0OR ERL=39%90 OR ERL=5160) THEN RESUME NEXT @ REM Evite de plant
it les 3 tabhleaux pas @ncore oréees.

=1 1) OR (ERR=6)Y THEN X=X4PAE @ RESUME

clextrus
LF o CERR:

ITF O CERR=G1) THEN MESGE:= " e disque est plein ... " 0 GOTG 3810
IF CERR=67) THEN MES$= ' Tl v & trop de fichiers ... " O GOTO 3810
IF (ERR=53)  THEN MESGH:= " Je ne trouve pas ce fichier ... " L GOTO 3810



p—

3750
3760
3770
37680
3790
36300
36310
363220
3830
36340
3150
3360
36370

1RO

38390
100
3910
3920
D30
3940
36550
3960
3970
3980
1990
R01610)

IF (ERR=71) THEN MES$= " Le disque n‘ecst pas pret ... " : GOTO 3810
IF C(ERR=72) THEN MES#H= " Erreur d’E/8 ... " : GOATO 3810.

IF (ERR=7%5) THEN MES#= " Erreur de chemin d’acces ... " : GOTO 3810
IF (ERR=76) THEN MESS$:= ' Chemin non trouvé ... " : (GOT0O 3810

IF (ERR=200) THEN MES$= " Errveur traceur N : "+A#+'" en ligne : “"+STREC(ERL)

H

IF (ERR=200) AND (A#="3") THEN Xu=X+PAS : RESUME
LOCATE 12,2% : PRINT MESHS

LOCATE 23,60 : PRINT "—-—>" = Xém="" : WHILE X#$:='" : Xe=INKEY$ : WEND
IF (ERL=340) THEN RESUME 2T0

IF (ERL=1760) THEN RESUME 16%0

IF (ERL=3270) 0OR (ERL=3360) OR (ERL=3490) OR (ERL=3T00) THEN RESUME 3090

IF (ERL=3%80) OR (ERL=35%90) OR (ERL=3600) THEN RESUME 3090
IF (ERR=200)> THEN RESUME :

IF (ERL=2830) THEN RESUME 1810

EIND

RIEEM

RIEM

REM

REM s B AN L@ Lracd ... e

REM

ERASE TFN, TFX , MARK

REM

REM

CL.S

LOCATE 1,23 @ PRINT " Tracd de courbes sur Plotter HP
LOCATE 3,2 : PRINT “ Couleur de la plume 2 o LAOCATE 3,26 ¢ COLLOR

YRINT "2 ¢ COLOR 4

FO10
LO20
FOBO
40
Q5O
DGO
070
-080
FO90O
100
F110
120
130
k140
F150
160
F170
- 180
-190

290
300
310
R20
330
340
350
60
70
380

Xepamtttt o WHILE X$=" o Xe=INKEY4$ :© WEND

LOCATE 3,26 : COLOR 11 : PRINT X4 : COLOR 4

PN=UAL (OXB ) - (22X (XB==CHRSCTHI D) ¢ REM S8i X$s=return, PMN=2
LOCATE 9,2 @ PRINT " Agrandissement sur X 72 ¢

LOCATE % ,27 @ COLLAOR 11 : PRINT 1 : COLOR 4

LOCATE % ,27  COLOR 11 : ENPUT """ ,AGX4$ : CH.OR 4
LOCATE 5,42 @ PRINT " Agrandigsgsement sur Y 7 "

LOCATE %,67 : COLOR 11 @ PRINT "1 : COLOR 4

LOCATE 2,67 : COLOR 11 @ INPUT "2 ,AGY$ : COLOR 4
AGX=UVAL. {AGXS) :© AGY=UAL. (AGEYS)

IF AGXs="" THEN AGX==1 : IF AGY$="" THEN AGY:=1
TFOTYPFNCS THEN 4180

REM

REM Si Nelder-Mead, le paramétre e@st 1L7indice du tablesw
Pig=='1'"  PRE=GTR$(P) : PAS=1

GOTO 4290

REIM

LOCATE 7,2  PRINT " Valeur inférieure du paramétre 7 '
LOCATE 7,36 : COLOR 11  INPUT" ",P14$ : COLOR 4
IF Pad="" THEN 4180

LOCATE &,2 @ PRINT " Valeuy supdérieure du paramétre 7

LOCATE 4,36 : COLOR 11 : INPUTY “,P2% :: COLOR 4

IF P2e="" THEN 4210

TF VAL (P24 (=UAL. (P 14)  THEN 4180

IF TYPFNCY 5 THEN PAS= ((UALL (P24 ) -VALL(P 14 ) /7100

REZM

INGSTh="PD"  © GMfdm=t

REM Le tracé se failt plume basse, 8M$ est le margueunr de point.
IF TYPEFN=D THEN INSTH="PUY @ SMe='x"

REM Tci, tracdéd plume haodte, le marqueur ecst
RiEM

REM Calcul des bornes XML, XMA, YMI et YMA
REEM

GOSUB 6660
REM

REM

I F‘ ‘IY F) ,22‘ ’\J.... By

x" o (madifialhle)

THEN PAS==1 @ G170 4420

LOAQCATE 15,2 ¢ PRINT " Pas duw traceé 7 N LOCATE 15,19 COLOR 11 : PRINT

11

II()



4390
4400
4410
44.20

14 00

4430

N 442

4440
4450
4460
4470
4-4-830
4-4.90
45500
4510
41520
4530
4-'54-0O
4-55'50
43560
45570
4580
45590
4600
+& 10
4 6H20
1630
4640
4650
1 GHGO
1670
680
+6HI0
+700
+710
+ 720
1730
1740
+ 750
1760
§770
+ 780
$790
+6E300
810
320
+830
1840
FRZ0
FR60
8370
630
L8390
FAO0

LOCATE 15,18 : COLOR 11 : INPUT  ",PAS$ : COLOR 4

PAS=VAL (PASS)

IF PAS$="" THEN PASax .01

LOCATE 195,40 : PRINT " Tracé des axes 7 (O/N) o AXEes
AXE=TNKEYS$ : WEND

LOCATE 1%,68 :COLOR 11 : PRINT AX#$ : COLOR 4 : IF AX$<{>"0" AND
O .
LOCATE 17,2 : PRINT " Titre du trace 7 "

LOCATE 17,21 : COLOR 11 : INPUT "““,TITRE$ : COLOR 4
LOCATE 19,2 : PRINT " Légende, axe des X 7 0"

LOCATE 19,25 @ COLOR 11 : INPUT """ ,LEGX$ : COLOR 4
LAOCATE 20,2 : PRINT " Légende, axe des Y 72 "

LOCATE 20,2% : COLOR 11 : INPUT ", LEGY$ : COLOR 4

IF AX$="N" THEN 43550

LOCATE 22,2 : PRINY " Unité de graduation — axe des X 7 "
LOCATE 22,38 : COLOR 11 : INPUT “",UX : COLOR 4
LOCATE 23,2 : PRINT " Unité de graduation — axe des Y 7o
LOCATE 23,38 : COLOR 11 : INPUT "' ,UY : COLOR 4
LOCATE 24,2 @ PRINT " OK 7 (Q/NY "

Xepuztttt o WHTLE Xdb==''' 0 Xb=INKEYS : WEND

LOCATE 23,15 - COLAOR 11 : PRINT X¢$ : COLOR 4

IF X$="0" THEN 4610

LF X="")N" THEN 3980

GOTO 49560

REIM

BORNE$:=XMN$ 4", "4+ XMME+", "+ YMNSG+, - YMMe -+

REM

ETd=CHRS (3)

OPEN "COM1T: 4800 ,N,8,1,C80,0D80,0C0R0"AS 43

PRINY #3,"1IN;LP;"ETS;

GAsUB 2340 : REM Tempo

REM

REM Ecoriture des lLabels

REEM

TFLEGXd:=="" AND LEGY®H="" AND TITREd:="" THEN 4720
GOasuB 5800

GOSUB %3240

RIEM

GOSUB 5340

GOBUB 5960 @ REM Fixe les limites matérielles

REM

REM Définition du cadre

PRINT #3,"SC" ,BORNES ETS ;

REM

REM Tracée des axes

REIM

TF AXe=" 0" THEN GOSUR 6000

GAOSUR 5340

REM

REM Pogitionnemeaent sur le premiey poirnt

REM

X==UAL (P 14)

GQSUB 2430

PRINT 423, "PU;PA"; © PRINT #3,USTNG k44 . Akl 5 XX 0 PREINT #3,°

3, USENG el ot . et YY; 0 PRINT #3,' ;" ETS;

10
s 920
-930
G40
DO
1516
D70
930
4990
Q00

REIM

REM Dernmnieres initialisationsg

REM

PRINT #3,"SPY,PN;" ;" ETS,;

GOSURB 5340

REM

REM Boucle principale

REM

PRIENT #3, INGTS  ETE

FOR X=UALL(RPT4) TO UALL(P24) GTEP PAS

WHILE AX$=

AXBCI N THE

LUt PRINT



> — o
5020 PRINT #S,CHR$(27);"-B";ET$;
HOI0 Adm'tt . Bfmtn
5040 WHILE B#<>CHR®(13) : Bs=INPUTH$(1,#3) : As=A%+Bs : WEND
5050 IF VAL (A% (S12 THEN GOSUB S350

SO60 REM Test erreurs traceur

070 PRINT #3,"0QE;";ETH®

080 AdBu''t . Rty

2090 WHILE B®#<OCHRS (13> : B$=INPUTH(1,%#3) : A$=AO4+B84 @ WEND
Z100 IF VAL (AB) (>0 THEN ERROR 200

2110 GASUB $400

G120 PRINT #3,"PA"; : PRINT #3,USING  d#dd4 . 440" ; XX,  PRINT #3,",'"; : PRINT #3,
US ENG diod il . el 5 YY; @ PRINT #3,";SM";8M$; " ;" ETSH; -
2130 NEXT X

5140 PRINT #3,"SPO;";ET%;

150 CL.OSE

160 ERASE TFN,TFX,MARK,X ;Y

5170 GOTO 1810 : REM Retour au menu

7180 REM

2190 REM

200 REM Pointage Nelder-—-Mead

210 REM

2220 REM Tri du tabhleaw

FR230 REM

2240 XMILb=STRHE(X(1))  XMAHB=XMI$ @ YMI$=GTRECY (1))  YMAB=YMI$
FERHO FOR I=1 TO P

PR60 IF XIDH (VAL (XMI$S) THEN XMI$=8TRG(XCI))

G270 IF XCIH>UALL(XMASE) THEN XMA%B=STRGOXCTY))

23280 IF YIDAUALCYMI$S) THEN YMI$=STRB(Y (L))

F290 IF YCIDDUAL(YMAS)Y THEN YMAS=STRB(Y (L))

5300 NEXT

2310 GOTO 3930 : REM lLes tableaux sont initislisdés, début du tracé
5320 REM

7330 REM Boucle de tempo pour le tracdé

3340 REM

ZEE0 Athastt o Bty

5360 PRINT #3,CHR$BC27) ;" . B";ETS;

58370 WHILE B$<{OCHRS (13> @ Bs=INPUTSCT,#3) @ Aads=As+BE  WEND
5380 IF VAL (A4 >S12 THEN RETURN ELSE GOTO 2350

390 RETURN

7400 REM

5410 REM Calcul des valeurs & tracer

5420 REEM

3430 ON TYPFN GOSUR D460, 5520, 55E0, HHEH0 , 5750

5440 XX=XX*AGX @ YY=YYXAGY

3450 RETURN

5460 REM

470 REM Carvtésiennes implicites

5480 REM

5490 XX=X

YY:=FNY (X))

RETURN

REM

REM Cartésiennes paramétriqgues

REM

XX ==FNY (34

YY = NZ XD

270 RETURN

7580 REM

2990 REM Polaires dmplicites

7600 REM

610 R=FNY (X)) @ REM L.a variable X correspornd & T (anglea)d

620 XX=RXCOG XD

630 YY=RXSINOX)

7640 RETURN

W0 REM

PN N N - P




TE70 REM

680
5690
G700
5710
G720
5730
5740
5750
G760
5770
5780
5790
FER00
810
7820
2830
7840
96350
7860
2870
8380
SE890
5900
G910
2920
930
7940
Z950
7960
3970
24980
7990
200
5010
5020
5030
5040
DO
5060
2070
5080
S0
2100
5110
5120
2130
3140
5150
5160
170
43,
5180
2190
r#3,
2200
ro43,
2210
3220
2230
3240
3250
Y260
3270
>280

PR

R=FNY(X> : REM Le rayon et l7angle sont fonction de X
T NZ(X)

XX=RrCOSCT)

YY:=RXSINCT)

RETURN

REM

REM Récupdération deg points Nelder-—-Mead

REM

XX=X (X))

YY=Y (X))

RETURN

REM

REM

REM Ecriture des labels

REM

PRINT #3,"SP" ;PN;";",ET%;

IF LEGX$:="" THEN %870

NE=EINT CE7- CLENCLEGX$)Y /72))

PRINT #3,"PASS2,3886,;CPY ;NT ;" ,~. 95,8  LEGXS ETS;
IF LEGY#="" THEN 5900

NE=ITNT(31-(LENLEGYS$) /2))

PRINT 43, "PA400,386;,DI0,1,CP" ;NL;", 9% ;LB LEGYS ;ETH;
IF TILTRE$='"" THEN 5960

NE=EINT (25 (LENCTITRES ) /2) )

PRINT #3,"PASS2,7300;D11,0;8R1.3,2.6;CP",;NIL;", . S;LB";TITRES;E

PRINT #3,"SR.7%,1.%;,";ETH;
RETURN

REM

PRINT 4#3,"IP800,600, 10000 ,7000;" ;ET%;
REM

RETURN

RIEM

REM

REM Routine de tracd des axes
REM

L= AL (XMAS ) ~UAL CXMI 6 )
H==UALLCYMAS ) VAL CYMIL$)

PRINT #3,"SP1,PUO,0;" ;ETYH;
X==Q

PRINT #3,"PD;" ETS;

WHILE X<{VAL {(XMA$)

PRINT #3,"PA" ; X;",0;,XT,;";ETS;
PRINT #3,"PU;CP-1,~1;",ET%;
PRINT #3,"LB" ;STR$(X) ;ETS;
PRINT #3,"PU,;PAY;X;",0;PD,;";ETH;
Xam X A-UX

WEND

GOSBUB HR40

PRINT #3,"PD" ; XMA% ;" ,0;" ;ETS;

PRIEINT 43, "PU;PR";  PRINT #3,USTNG  Hdd: . 0 ; L/~ 100) 5+ PRINT

USTNG" " Hd: . " (H/--120) ;5«0 PRINT #3, "PD;PA" ; XMAS ;" ,0; "
PRINT #3,"PD" ; XMA% ;" ,0;";ETS;

PRINT #3,"PU;PR"; : PRINT #3,USING" " #db4:  H:4"" ; L/~ 100); + PRINT

USING " el - A, (H/-120) ;@ PRIENT #3, "PD;PA'" ; XMAs ;" ,0,";

FRIEINT #3,"PU,PR"; : PRINT #3,USING" &4  H4""; (L/~100)>;  PRINT

USENG 4l . 84 (H/1200 5 0 PRINT #3, "PD;PAY ; XMAS ;" , 05" S ETS
FRINT #3,"PUO,0" ;ETH;

GOsUB 340

Xu=()

PREINT #3,"PD";ETH;

WHELE X>UaAl. (XMIL$)

PRENT #3,"PA";; X;",0;XT;";ETS;

IF X=0 THEN 6310

PRINT 43, "PU;CP-1,—-1,;";ET#H;

T

#3000

ER,

#3," ",

PRIN

PRI

PRIN



%soo PRINT #3,“PU;PA";X;",0;PD;";ET%;
6310 XuaX--UX

6320 WEND

6330 GOsSUB T340

6340 PRINT #3,"PD";XMI#%;",0,;";ETS;
6350 PRINT #3,'"PUO,O0 ;" ETHS;

6360 Y=0

6370 PRINT #3,"PD; " ETS$;

6380 WHILE Y<{VAL (YMAS)

6R90 PRINT #3,"PAO, " ;Y ;" ;YT ;" ETS;
6400 PRINT 43,"PU;CP-6,0;" ;ETH;

6410 PRINT #3,"LB" ;STR$CY) ;ETS;

6420 PRINT #3,"PU;PAO," ;Y ;" PD,;";ETS;
6430 Y=Y4+UY'

6440 WEND

6450 GOsUB S340 .

6460 PRINT #3,"PDO,";;YMA® ;" ;" ETH;

G470 PRINT #3,"PU;PRY; : PRINT #3,USTNG il . " 5 (L~ 130) ;
T #3,USTNG 444 . 84" ; (H/-75) 5 0 PRINT #3,"PD;PAO, " YMA% ;" ;
6480 PRINT #3,"PU;PR'"; : PRINT #3,USTNG" " Sl .l ; L./ 1300 ;

#3, USTNG detbell: . k" (HA25) ;2 PRINT #3,"PD;PAO, " ; YMAS ;ETS;

6490 PRINT #3,"PUO,0O0 ;" ;ETH;

BE500 Y=Q

610 PRINT #3,"PD; " ;ETS;

6520 WHILE Y>UAL (YMI$)

B30 PRINT &#3,"PAO, " ;Y ;" YT, ETS;

6540 IF Y=0 THEN 6380

HEEO PRINT #3,"PU,;CP-6,0;" ;ETYS;

BZ60O PRINT #3,"LB" ;STR$CY) ;ETH;

>E70 PRINT #3,"PU;PAO," ;Y ;" ;PD; " ETS;

2580 Y=Y-UY

290 WEND

2600 GOSUB 5340

510 PRINT #3,"PDO, " ;YML ;" ;" ETS;

2620 RETURN

5630 REM

5640 REM Calcul de XMId$s, XMAs, YMI$s et YMAS
LOHO REM

LOHO6O X=VUAL (P 14> : GOSURB D430 @ XMI$=GTRES (XX
G670 YMI$=GTRH(YY)I : YMAE=YMIL$

B6EHO FOR X=UALL(P14) TO VAL (P24) STEP PAS
BH690 GOSUB 5430

5700 IF XXKUAL (XMI$)> THEN XMIEI$=ETRE (XX

5710 IF XX>VAL.(XMA$) THEN XMA$B=GTRSES (XX)D

5720 IF YYSKUAL.CYMI$) THEMNM YMI$=GTRGOYY)D

2730 IF YYJ>XUAILCYMAS)) THEN YMAG=STRECYY)D

2740 NEXT

H750 IF TYPFN=1 THEN XMI®G=P 14 © XMAEG=F24%
2760 LLOCATE 10,2 : PRINT " Valeur inférieure
XMI$ - COLOR 4

2770 LOCATE 10,3% : COLAR 11 @ INPUT"",X1%
3780 IF XA#<OM"™ THEN XMIb:=X1%

a790 LLACATE 11,2 : PRINT Y Valeur supérieure
XMA$s : COLOR 4

»800 L.GCATE 11,35 : COLAOR 11 = INPUT"",X2%
3810 IF X246 THEN XMA%:=X2%

5820 LACATE 12,2 : PRINT ' Valeur inférieure
YMI$s : COLOR 4

MIBO LLGCATE 12,39 : COLOR 11 - INPUT"Y,Y 14
340 IF Y146 THEN YMI$=Y 1%

350 LOCATE 13,2 @ PRINT Y Valeur supérieure
YMAs : COLOR 4

RGO LOCATE 13,3%  COLOAR 11 INPUT'" ,Y24%
870 IF Y265 THEN YMA%h:=Y24%

»8B0 L= (VAL (XMAS ) ~UAL.(XME$) D) /R3O LY== (.Vﬁl:. CYMAS ) VAL CYMI$ ) D /30

TOMEANIN NSRAR B NV NS 2 7 RV 24 B A 2 NSNS s e A SN SN % 24 s s

XMAs=XMI %

axe
COLGR
- EXE
COLLCGR
- @
COLLOR
- RXE

COL.CR

e

des

de s

clexss

4

7

7

PRENT

 COPRINT #3,'",'",

3,0,

COL.OR

COL.OR

COHLLOR

COL.GOR

11

PRIN

PRINT

PRIENT

PRINT

PRIENT

PRINT



I —
GO00 XMMB=STRE( ¢ INT (VAL (XMAS) X 100) )/ 100)
6910 YMN$=STRE((INT(VAL(YMISIX*X1003)/100)>
6920 YMM$=STREHCCINT (VAL (YMASI X 100))>/7100)
6930 REM
6940 RETURN
6950 REM
6960 REM Sortie
6970 REM
6980 CL.S -
G990 LOCATE 10,3% : COLOR 1 : PRINT "Au revoir' : COLOR 4
7000 LLOCATIE 22,2 : PRINT "Retour auw systéme 7?2 CQ/NY Y
FO10 X't o WHILE Xé$='"" : Xs=INKEY$ : WEND
7020 LOCATE 22,31 : PRINT X4
7030 LF Xe="'N" THEN CLS : END

7040 I[F X$="0" THEN CLS @ SYSTEM

OG0 GOTO 7010

!
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Entree

Calcul initial de F et Pp - 'Pj ' 'Ph
Determination de Ph, calcul de P,

. de P* =P +a (P_ Ph)
Calcul de F*

0

Remplacera Py par P**
L

Non ———

F'>F;, 1 h?

|
Non

F*a Fp?
ou
Définir P B 4 y (PP)
Calculer *F
F**<Fb ? Non
OLlJi

Remplacera Py, par p*

!

Oui = |F'> Fp 2

— Non

]
Oui

Remplacer Ph par p*

’ I - -
Definir P '=P -8 (P~ Ph)

Calculer F

J

F*S Fp 2

Oui

I
Non

Remplacera Ph pa
|

Remplacera tous les Pt
ar (P; + P.)/2
r F’**;3 ( ! b)

6

A-t-on atteint
le minimun?

[

Non

Oui = > SORTIE

Organigramme du programme Nelder—Mead (1965)
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A simplex method for function minimization

By J. A. Nelder and R. Meadf}
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A method is described for the minimization of a function of a variables, which depends oa the
comparison of function values at the (n + 1) vertices of a general simplex, followed by the
replacement of the vertex with the highest value by another point. The simplex adapts itself to
the local landscape, and contracts on to the final minimum. The method is shown to be effective
and computationally compact. A procedure is given foc the estimation of the Hessian matrix in

the neighbourhood 9( the minimum, necded in statistigal estimation problems.

Spendley et al. (1962) introduced an ingenious idea for
tracking optimum operating conditions by evaluating
the output from a system at a set of points forming a
simplex in the factor-space, and continually forming
new simplices by reflecting one point in the hyperplane
of the remaining points. This idea is clearly applicable
to the problem of minimizing a mathematical function
of several variables, as was recognized by these authors.
However, they assumed that the relative steps to be made
in varying the factors were known, and this makes their
strategy rather rigid for general use. In the method to
be described the simplex adag is itself to the local land-
scape, clongating down long inclined planes, changing
direction on encountering a valley at an angle, and
contracting in the neighbourhood of a minimum. The
criterion for stopping the process has been chosen with
an eye to its use for statistical problems involving the
maximization of a likelihood function, in which the
unknown parameters enter non-linearly.

The method N Ceme e
We coasider, initially, the minimization of a function
of n variables, without constraints. Pg, Py, . . . P, are

the (n + 1) points in n-dimensional space defining the
current “simplex.” [The simplex will not, of course, be
regular in general] We write y, for the function value
at P, and define - -

h as the suffix such that y, = max (y,) [k for “high”]
{

and
{ as the suffix such that y/ = min (y,) [/ for “low”].
‘

Further we define P as the centroid of the points with
i h, and write [P,P/] for the distance from P, to P,.
At each stage in the process P, is replaced by a new
point; three operations are used—reflection, contraction,
and expansion. These are defined as follows: the
reflection of P, is denoted by P*, and its co-ordinates
are defined by the relation

P* = (1 + «)P — aP,

where « is a positive constant, the reflection coefficient.
Thus P* is on the line joining P, and P, on the far side

7
of P from P, with [P*P] = «[P,P]. If y* lies between
yx and y,, then P, is replaced by P* and we start again

~ with the new simplex.
21 If y* <y, ic. if reflection has produced a new

minimum, then we expand P* to P** by the relation
P** = yP* + (1 — y)P.

The expansion coefficient y, which is greater than unity,
is the ratio of the distance [P**P] to [P*P]. If
y** < y, we replace P, by P** and restart the process;
but if y** > y, then we have a failed expans: ., and we
replace P, by P* before restarting.

If on reflecting P to P* we find that y* > y, for all
i 7 h,i.c. that replacing P by P* leaves y* the maximum,
therf we define a new P, to be ecither the old P, or P*,

wﬁighcver'has the lower y value, and form

P** = BP;+ (1 — P)P.

The contraction coefficient B lies between 0 and 1 and
is the ratio of the distance [P**P]-to [PP]. We then
accept P** for P, and restart, unless y** > min (y,, y*),
i.e. the contracted point is worse than the better of P,
and P*. For such a failed contraction we replace all
the 'P,’s by (£, + P;)/2 and restart the process.

A failed expansion may be thought of as resulting
from a lucky foray into a valley (P*) but at an angle to
the valley so that P** is well up on the opposite slope.
A failed contraction is much rarer, but can occur when
a valley is curved and one point of the simplex is much
farther from the valley bottom than the others; con-
traction may then cause the reflected point to move
away from the valley bottom instead of towards it.
Further contractions are then useless. The action pro-
posed contracts the simplex towards the lowest point,
and will eveatually bring all points into the valley. The
coefficients «, f, y give the factor by which the volume
of the simplex is changed by the operations of reflection,
contraction or expansion respectively. - The complete
method is given as a flow diagram in Fig. 1.

A final point concerns the criterion used for halting
the procedure. The criterion adopted is somewhat
different from that used by Powell (1964) in that it is
concerned with the variation in the y values over the

cle |

t National Vegetable Research Station, Wellesbourne, Warwick.
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ETER
Calculate initial Py and y,

Determine h, calculate P
Form P = (1a)P - a Py
. Calculate y
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YT : No !7‘ Rapllm Ph Y P*
Form P** « (14)P° —«P : Form P°° « gP +(1-p)P
Calculate y** Calculate y**
1s ’co < n ? No - is y" > ’h ? Yoa
!e.s No Replace all Py's’
- -2 (P1 « Pl)/z

<
Replace P, by P Replace P, by P* Replace P, by P**
l h { B P h

l

Has minimum been

reached ? Yes - EXIT
!
Fig. 1.—Flow diagram

:mplex rather than with changes in the x’s. The form be made to iLf/Clcarly either technique can deal with
hosen is to compare the “standard error” of the y’s individual limitations on the range of any number of
t the form /{Z(y; — y)}/n} with a pre-set value, and Xx’s. Co}r;stx{aints involving more than one x can be
) stop when it falls below this value. The success of included using the second technique _provided that‘ an
1c criterion depends on the simplex not becoming too initial simplex can be found inside the permitted region,
nall in relation to the curvature of the surface until the from which to start the process. Linear constraints that
nal minimum is reached. The reasoning behind the =~ . reduce the dimensionality of the field of search can be
dterion is that in statistical problems where one is : included .by choosing the initial simplex to satxsfy_,
oncerned with finding the minimum of a negative . the constraints and reducing the dimensions accord-
kelihood surface (or of a sum-of-squares surface) the ingly. Thus to minimize y = f(x{, X3, X3) subjf:ct to
urvature near the minimum gives the - information Xx¢ + X3 + x3 = X, we could choose an initial snmp_lcx
vailable on the unknown parameters. -If the curvature with vertices (X, 0, 0), (0, X, 0), and (0, O, X), treating

slight the sampling variance of the estimates will be the scarch as being in two dimensions. In particular,
«rge so there is no sense in finding the co-ordinates of any x, may be held constant by setting its value to that
1c minimum very accurately, while if the curvature is constant for all vertices of the initial simplex.

iarked there is justification for pinning down the
inimum more exactly.
N : Results
Three functions, all of which have been used before
for testing minimization procedures, were used to test

I, for example, one of the x, must be non-negative in. ¢ ethod. The functions, all of which have a minimum
minimization problem, then our method may be of zero. were:

lapted in one of two ways. The scale of the x con-

oastraints on the volume to be searched

wrned can be transformed, e.g., by using the logarithm, (1) Rosenbrock’s parabolic valley (Rosenbrock (1960))

» that negative values are excluded, or the function can y = 100(x; — x})? + (1 — x,)?, starting point

: modified to take a large positive value for all negative , (—1-2,.1).
In the latter case any trespassing by the simplex over . . . -

¢ border will be followed aStomatimylly by cogtraction (2) Powell’s quartic function (Powell (1962))

oves which will eventually keep it inside. In cither y = (0 + 10x)? + S(x3 — x)? + (x3 — 2x3)*

se an actual minimum with x = 0 would be inaccess- + 10(x, — x4)*,

le in general, though arbitrarily close approaches could “ e stari-ing point (3, —1,0, 1).
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(3) Fletcher and Powell’s helical vallcy (Fletcher and
Powell (1963))

y = 100[x; — 108(x;, x)]?
+ IV +x) - 1P +x
where 276(x,, x;) = arctan (xy/x;), x; >0
= m + arctan (x,/x,), x, <0
stamng point (—l 0, 0).

The stopping criterion used was v/{Z(y, — y)¥}/n} <104,
The function value at the centroid of the final simplex
usually deviated from the true minimum by less than
10-8; a sample of runs gave 2-5 X 10-? as the geo-
metric mean of this deviation. A difficulty encountered
in testing the procedure was that the size and orientation
of the initial simplex had an effect on the speed of con-
vergence and consequently scveral initial step-lengths
and scveral arrangements of the initial simplex were
used for each trial (the arrangements counsisted of two
forms of the initial simplex, regular, as in Spendley et
al’s original method, and axial from the starting point,
combined with several orientations). The first sct of
trials investigated the different strategics (values of «,
B and y) of the simplex method of minimization, and
the second compared the results for the best strategy
with those of Powell (1964), which are among the best
previously obtained.

An initial trial with function (1) used all combinations
ofx =143, 1; =141 & vy =2, 3, 4; and initial step-
lengths ¢, 1, and 2. The main result was that the lower
values of « and B gave generally slower convergence.
In a second trial with function (1) six main strategies
a=1,8="%or{ and y = 2, 3, 4 with two additional
strategies (3, 4, 3) and (3, §, 4) were all tried for three

initial step-lengths 4, 1, 2, and eight arrangements of the: -

initial simplex. This trial showed that the additional
strategies were more variable in. performance and, on
the average, slower to converge than the six main
strategies. These six strategies gave very similar results,
as was shown by an analysis of variance of the number
of function evaluations, the mean square for strategies
being 197 compared with a residual mean square (after
removing size and orientation effects) of 463. -- :

Using function (2) five strategies were tried: a = 1,
B=4%4y=230r4,and a=1,B=1%or{ y=3
The latter two strategies gave very variable results, as is

“Tindicated in Table | which shows the mean and minimum
numbers of evaluations required for convergence over
cight arrangements.

Analyzing the results for the best three strategies gave
a standard error of difference between the strategy mean
numbers of +7-0 (based on 70 degrees of freedom),
showing that the results for the three strategies arc all
significantly different at the 959 level.

Using function (3) for the same trial confirmed these
conclusions, the last two strategies converging to false
minima on several occasions.

It was clear, therefore, that the simple strategy
x =1, B = §, y = 2 was the best, and these values were

310

Table 1

Mean and minimum numbers of evaluations for function 2

MEAN NUMBER

STEP-LENGTH STRATEGY-
“LEYGLENWQLLY (1,2 (.12

0-25 225 234 282 255 344
0-5 210 234 254 300 335
1 216 229 260 283 343
2 216 239 250 264 253
4 226 241 251 249 347
Mean 219 235 259 270 322

MINIMUM NUMBERF
0-25 191 205 241 172 189
0-5 181 181 190 190 233
1 180 191 210 150 216
2 180 194 201 174 117
4 184 170 217 152 217
Mean 183 188 212 168 194

,

uscd m ‘cothparing the method with Powells (1964)

-fechnique.” »

-

Comparison with Powell’s results

For this comparison we used the same convcrgence
criterion; smaller values of the criterion would not be
justifiable when it is remembered that most functions
met with in practice are likely to have a rounding-off
error of this order. We used all three functions with a
range of initial step-lengths 0-1(0-1)1(0-2)3 and eight
initial simplex arrangements. Table 2 shows the results
of these trals. : .

Apart from the smaller step-lengths the effect of step-
length on number of evaluations required is not very
large and it is reasonable to use the mean number of
evaluations over all the unasterisked step-lengths for
comparison with other methods. The mean values
obtained are 144 evaluations for function (1), 216 for
function (2), and 228 for function (3). Powell’s results
for functions (1) and (2) give the evaluations required to
reach our mean final value of 2-5 x 10~® as 150 and
235 respectively.

An EMA version of Powell’s method was written and
for function (3) it was found that the initial step-length
had a considerable effect on the speed of convergence.
Furthermore the optimum initial step-lengths for the
two methods were different. For initial step-lengths in
the range 0-1 to 0-95, Powell's method gave numbers
of function values between 177 and 375 (sample of six).

AR T
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Table 2

lean number of evaluations required for cbnvcrgence for
diffcreat step-lengths for functions (1), (2) and (3)

ET'EP-LENGTH FUNCTION

Q) 0)) %))
0-1 165¢ 262¢ 310*
0-2 161+ 220 256
0-3 159+ 214 276
0-4 162¢ 215 256
0-5 143 210 230
0-6 142 206 268
0-7 151 210 264
0-8 150 231 231
0-9 157 223 236
1-0 147 216 213
1-2 145 217 183
1-4 145 208 194
1-6 154 217 188
1-8 138 225 213
2-0 144 216 207
2-2 130t 197 206
2-4 128 224 224
2-6 134 23 209
2-8 135 241 233
3-0 148 191 234

Scc_(c;(L
Omuqu_ arrangements where the true minimum was a vertex
of the initial simplex.

cre appears, therefore, to be little difference between
| two methods to this degree of accuracy as far as
revidence goes. However, there are indications that,
h less severe convergence criteria, greater differences
uld have been found. This is suggested by the
gress of the two methods on three typical runs, as
wn in Table 3; for all three functions our method
iblishes an initial advantage over Powell's. For
ction (2) this advantage is maintained approximately
the same level for the remainder of the run; for
ctions (1) and (3) the advantage is further increased
to the final stage when Powell's method rapidly
ses the gap.

*ct of number of variables

:o investigate the effect of increasing the number of
l:l!)lcs, the sum of fourth powers was used as a test
ction, starting at (1, 1, 1, .. ., 1). For functions with
0 10 variables it was found that the relationship
veen the number of variables k and the mean number
rvalt_xations N for convergence (using a final value of
roximately 2-5 x 10~°) was well described by

N =3-16(k + 1)2-11_

311

Discussion

The method presented in this paper differs from most
previously put forward in being based neither on
gradients (first-order decrivatives) nor on quadratic
forms (second-order derivatives). As can be seen in
Fig. 1, the algebraic operations on the x; are all linear
(c.g. as in determining P from P, and P), while those

on the y, are concerned with finding the maximum or
minimum of a finite set of quantitics. This latter type

of operation is non-lincar and accounts for the ability
of the mecthod to locate a minimum with arbitrary
accuracy. The remark of Spendley et al. (1962) that
“Continued application of the simplex procedure, with
progressively reduced step size, is inherently as self-
defeating as any other linear technique,” is thus some-
what misleading, since the use made of the simplex
at any stage is not to estimate parameters in a
regression equation (in which case only a linear model
could be fitted) but to guide the direction of the next
move. ‘
Out method is highly opportunist, in that the least
possible information is used at each stage and no
account is kept of past positions. No assumptions are
made about the surface except that it is continuous and
has a unique minimum in the area of the search. It
might thus be expected that whe:: the curvature of the
landscape (as measured by the Hessian matrix of second-
order partial derivatives) is changing rapidly, the present
method will do yell when compared with methods which
depend on apguments applicable to quadratic forms.
Conversely in the nqig‘hbourhood of a minimum, when
the Hessian matrix is relatively stable, it may do worse.
This expectation is borne out by ‘the results obtained
on the test functions. However, the positions of minima
are often needed with only limited accuracy, so that final

rapid convergence is not essential. This is especially

truc in statistical problems where the surface may be,
e.g., a sum of squares of residuals, and the position of
the minimum is a function of the random errors in the
observations. An important property of our method is
that it will converge cven when the initial simplex
straddles two or more. valleys, a property which is not
shared by, e.g., Powell’'s method. .
A general problem encountered by all minimizatio

methods is that of false convergence at a point other
than the minimum. This difficulty has been found in
using the simplex method on a four-dimensional surface
having a long, curved, valley with extremely steep sides;
along the valley bottom the function varies considerably
compared with the accuracy to which the minimum
function value is required. On meeting the valley, the
simplex may need to undergo a drastic change in both
size and shape, in the course of which the variation
between the function values at the simplex vertices may
become small even when compared with a convergence
criterion of one-tenth of the required accuracy. Merely
refining the convergence criterion would often involve
needless evaluations, and in other more extreme cases
could still be ineffective. -
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Table 3
Values of the three functions oa 3 typical runs, for simplex method and Powell’s (1964) method

NUMBER OF FUNCTION
EVALUATION a . Q) Q)
Simplex Powell Simplex Powell Simplex Powell
| 2-4 x 10! 2-4 x 10! 2-2 x 10? 2-2 x 102 2-5 x 103 2-5 x 103
20 2-6 x 10° 3-6 x 10° 1-2 x 10! 3-1 x 10t 1-9 x 10° 1-9 x 102
40 9-7 x 10~ 2-2 x 10° 3-0 x 10! 4-2 x 10° 1-2 x 10° 3-2 x 10t ;
60 3-8 x 10t 1-1x10° | 8-7x10-2 1-5x10° 7-6 x 102 7-7 x 10°
80 8-1 x 10-2 4.6 x 10! 1-7x10-2 2.3 x 10! 3-0x 102 2-0 x 10°
100 1-3x10-3  1-0x 10! 1-2 x 103 6-4 x 10-3 2-0x 102 7-6 x 10—
120 8-4 x 10~ 1-7 x 10-2 6-7x10-5 1-1 x 103 4-4 x 103  3-1 x 10!
140 7-7x 10~°  1-0 x 10—* 3-9 x 10~ 1-3 x 104 1-3x 104 2-3 x 10!
150 3-3 x 10— 1.2 x 10—?° .
160 1-2x 10-¢  2-1.x 10-5 1-0 x 10-¢  6-6 x 10-2
180 5-9 x 10-7  2-1 x 10— 1-7x 107  3-6 x 10-3
200 2-6 x 10~ 1-3 x 107 3-7x 10-%  1-1 x 10—+
220 9-3 x 10-1° 1-6 x 10-% 2-7x 10-1°  7-2 x 10-?

The values for Powell’s method were obtained by logarithmic interpolation of the function values at the end of cach iteration.
Data for functioas (1) and (2) from Powell (1964), data for function (3) from our EMA program of his method.

Powell (1964) suggested a more complex convergence
criterion, for this general problem, based on perturbing
the first minimum found and repeating the method to
find a second minimum, followed by exploration along
the line joining the two. An alternative technique, more
suited to our convergence criterion .in terms of function
variation, is to continue after the first convergence for a
prescribed number of evaluations, to test for convergence

values are sufficiently close is convergence allowed.

The simplex method is computationally compact; on
the QOrion caqmputer the basic routine (without final
printing) cantains less than 350 instructions, and the
great majority of orders arc.additions and subtractions
or simple logical orders. There are few multiplications,
and no divisions at all except on entering and leaving

the routine.

again and, if the second test proves successful, to com- -

pare the two “converged™ function values. Ouly if these

--Copies of the routine, written in Extended -Mercury
Autocode, are available from the authors.

- Appendix
The Hessian matrix at the minimum : .

The minimization method proposed, being independent

of the properties of quadratic forms, does not yicld any
\cstimatc of the Hessian matrix of second derivatives at
the minimum. This matrix is, of course, the information

matrix in statistical problems when the function being ?l), g’ g' T gg '
minimized is minus the log. likelihood, and its inverse is (0’ Lo T 0)

the sample variance—covariance matrix of the estimates.
A convenient way of utilizing a quadratic surface to
estimate the minimum when the simplex is close to that
minimum was given by Spendley et al. (1962) and their
method can be readily extended to give the required
variance-covariance matrix of the estimates.

If the (7 + 1) points of the simplex in n dimensions
arc given by Py, Py, . . . P,, then Spendley et al. form
the “half-way points™ P, = (P, + P))/2, i # j and fita

quadratic surface to the combined sct of (n + 1){n + 2)/2 .
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points. If the original points of the simplex are used to
define a set of oblique axes with co-ordinates x,, then
the points may be taken as '

©,0,0,...1).

If the quadratic approximation to the function in the
ncighbourhood of the minimum is written as

y=ay + 2Za;x, + b, xx,,

and

or in vector form as
y =4, + 2a’x 4+ x’Bx,

T




Function minimization

then«the coefficients arc estimated as so that the variance—covariance matrix is given by
ayg = Yo A v ' 'QB—IQ"
a; = 2yq; — (¥ + 350)/2, i=1...,n If normal equal-variance independent errors are involved
by =2(y; + yo — 2ya/): i=1...,n and the sum of squares of residuals is minimized, then
by=2yiy; + ¥Yo— Yo — yo)» 1], this matrix must be multiplied by 262, where as usual

o2 would be estimated by y../(N —n), N being the
total number of obsctvations, and n the number of
parameters fitted. -

In cstimating B numerically it is neoessary to steer a

where y, is the function value at P, and y,, that at P
The estimated minimum is then given by

Xpin = —B~la
A i course between two hazards. In one the simplex is so
and the information matrix is just B. small that (¥, + Yo — Yo — Yo;) consists largely of
If p, denotes the co-ordinates of P, in the original rounding-off errors incurred in calculating the y’s. In
system, and if Q is the n X n matrix whose ith column the other the simplex is so large that the quadratic
is p; — po, then the minimum is estimated to be at approximation is poor, and the s are correspondingly
' biased. If the method given in this paper is used, the
Prin = Po + QX s ) former hazard will usually be the important one, and
=po— QB 'a. it may be necessary to cnlarge the final simplex before
.. L. ) adding the extra points. A possible way of doing this
The minimum value of the function is estimated to be is to double the distance of cach point P, from the

centroid until the corresponding function value exceeds

—a. — a'B-! .
Ymin = a0 — a’B~a. that at the centroid by more than a given counstant.

- The information matrix in the original co-ordinate The choice of this would depend on the fouﬁdiﬂg*)ﬁ‘
system is given by error attaching to the evaluation of the function, and
would need to be at least 10° times that rounding error,
Q- 'yBO! if acceptable estir -¢s of the 4’s were to be obtained.
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Correspondence . = .
. To the Editor, ‘ ' Suppose T[R] is a Boolean function taking a routine
The Computer Journal. ‘ (or program) R with no formal or ftez variables as its
’ argument and that for all R, T{R] = True if R terminates
An impossible program if run and that T[R] = False if R does not terminate.
Consider the routine P defined as follows
Sir,
A well-known piece of folk-lore among programmers rec roatine P
holds- that it is impossible to write a program which can §L:if T[P]goto L
c¢xamine any other program and tell, in every case, if it
will terminate or get into a closed loop when it is run. Return §

I have never actually seen a proof of this in print, and
though Alan Turing once gave me a verbal proof (in a
railway carriage on the way to a Conference at the
NPL in 1953), I unfortunately and promptly forgot the
letails. This left me with an uneasy fecling that the
sroof must be long or complicated, but in fact it is so

If T{P] = True the routine P will loop, and it will
only terminate if T[P] = False. In each case T[P] has
exactly the wrong value, and this contradiction shows
that the function T cannot exist. -

thort and simple that it may be of interest to casual Yours faithfully,
eaders. The version below uses CPL, but not in any Churchill College, C. STRACHEY.
ssential way. . Cambridge.
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