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I.  CLASSIFICATION OF THE PROGLEM
1. Introduction

Belore attempiing to solve a given optimization problem in practicai
ferms, wither by choosing a sultable library routine or by writing a routine.
the cholce of method needs 1o be made. The problem ltself can be
classified, t0 lsad 0 a particular subast of methods from which the final
choloe is made. This cholos requires balancing many criterla ususily of a
confiicting naiure. For sxampla. a very sophisiicated routine may prove 100
targe for a given eysiem whereas a simple routine may prove too slow. A
sophisticated routine may require considerable input by the user 10 conirol
the many ‘tuning variables’ which require inside knowledge. Withoul these
variables Dbeing well chosen the routine may loose some of Nis
competitiveness.

Even when & rouviine s chosen thers are many luriher problems
which need oconsideration. Clearly any resuits which have been oblained
need 10 be ireated with cauviion. | Is always advisable to0 treat critically
any numbers thrown out by & computer. Tradiional optimization routines
deliver a local minimum which may not be the required minimum. In a
many varisble problem the hypersuriace being minimized can have the most
complex siruciure. Finding a global minimum Is not an sasy problem,
Usually physical considerations can sliminate an unsxpacied exira local
minlmum. and some further computational experiments can rescive the
shape of the function baing treated. though this Is not easy for a problem
ol high dimensionaiity.

2. Types of probiem
The main wspiit in classitying probiems s 10 separate oonsirained
problems from unconsirained. For unconsirained probiems we have ihe

formulation:

minimize F(x)
where F is a real vaiued function of the vector x « E" where
X= (xq.xp. ..xn)T

This is the general unconatrained problem In n variabies,

Special methods are avallable for various sub-classes of this problem.
# n = 1 & whols set of robusi methods. line search methods. may be
used. For n above say 10 special lechniques ara employed. Whether or
not It s feasible o osiculate analytically first derivatives or sscond
derivatives of F gives a further breakdown In method chaolce. A further
problem classification depends on any specisl nature which F may possess.
For example. F ocould be linesr. sums of squares ol linear functions.
Quadratic. sums of squares of non-linear lunctions or just plain non-iinear.
Advaniage can be taken of these ciasses of objective functions. It Is
generally trua that the more Inlormation on F which can bs utilized. the
more efisctive the optimization becomes.

Constrained problems also have a classification due to the objective
function. and in addition may bs olassified acoording Io consiraint,

Constraints may be ciassified as equality constrainis such as
oy = 0 I=L....m

as insquality consirainte such as
ciix) > 0 = mytl,....mg

and as range consisinta such as

] € g <€ w = mptly..... g
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Wihhin this classification the constrainis may be linear or non-linear. ' .11 CLASSIFICATION OF THE METHODS: UNCONSTRAINED

The classical methods of linear programming would for example be used for ‘ 1. LWnivariate methods
a finsarly constrained. linsar function Fi(x). The above analysis of tha type of problem reflecis the choice ol

method. For a one dimensional unconstrained problem the following

algorithms may bs conaidered:

[4)} Elhonaccl Search: This ls a robust. simple interval reducing method
based on being able 10 compute F(x) at two Interlor points [1] p.
B84,

(I Qolden section search: This method has a constant reduction of the
interval of uncertainty by the factor 0.6180. [1] p. 81,

(I Polynomial_interpalation: Often used ss a line ssarch In muitivariable
algorithms such as Powsll (quadratic), Davidon (oublc)!®)  fine

searches of sxample 2 (V).

(v} PBatlonal approximation: Using the ratic of two polynomials gives some
sdvantages away from the minimum{18.  (line search of exampie 2

(vil} ).

(v} Salsguarded meihads These are base¢ on (H) and (i) but check
for locally Invalid results, by relurning lo & more robust method
which wouwid not necessarlly converge at tha same rapid rate near

the minimum,



2. Multivariate methods

For thess methods 1here are many algorithms and sach has many
variations. For example many requirs Iinternal one-dimensional line
ssarches t0 be carrled out. and the sort of cholce above becomes

availabis. Methods In this section Include:

tn Dirsct _saarch methoda: Thess are based on tuncilon comparisons ai
& sequence of points. The iwo most commonly used meithods are
those of Rosenbrock!Sl-(Exampie 2 (IN] 4ng ihe simpiex or polylype
algorithmi8)-fExample 2 (M} yh408 methods are very crude,
require the satling of many tuning paramsters and should bs used
only whers the objective function or s derivative exhibit
discontinuities in the region of inierest. For smooth functions. a
knowiedge of. or an ablilty to estimate numerically, derivatives of F

will usually result In a far more satisisciory approsch.

(N Newion's meihgd: This Is discussed asisewhere and Is based on a
local quadratio modsl of F obtained by the first three terms of a
Taylor sxpansion and requires the Hessian matrix g that is second
derivatives of F, The search direction is defined by g and is
givan by

Ga=-a

where g ls the gradient vector and § is a positive definite mairix
relsted 10 the true Hesslan. This related matrix ia lound by
decomposition of G by either spectral or Cholesky {7) means and then

by sultable reformulation 1o establish posiive definitenss.

win

(W)

{v)

i estimates of the Hesslan mairix are found by finite differences of g
then an approximats Newton method arises. This Is usually called a
discreie Newiton Method. These have many advaniages over Newion
being good at Jocal convergence. but require many more gradient

values t0 be computed.

Quaal-Newion methods or varlable melric methods: 1  Example 2
(v These methods rely on buliding up Iinformation on 9 from
previous Iterations. rather than computing g {or an estimats) at a
singie point. Tha required matrlcol do not require the explicit
formuiation of the Hesslan matrix. Soma very gensral familles of
update formulas exist based on Broyden's famiy!10L-18) | They resunt
in a sequence of Hessian estimates B, with free paramelers whiah
can be chosen 10 enbance tha efficlency of the methods in certain
cases. It has besn proved that if exact line searches sre made
many variations of the quasi-Newton methods vyield Identical
pointa®), in practise the accuracy of line searches needs careful
consideralion and may Introduce asignificant difierences In the

ssquences of poinis associaled by different sigorithme.

Non-dsrivative guasi-Newion mathods: These rely on estimating first
and second derivatives. but require more than first finite Jdifference
replacements of the exact derivatives. Such a procedure can destroy
the loglo of a quasi~Newton method and safeguards have 10 be added
o the programme. Again estimating derivatives Increases the number

of function evaluations considerably.
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{vil)

Special maethods: These include many receni attempis at modelling
the problem with say multi-dimensionsi polynomials (Winfleid} (13! gnd
rational functions (Bioroy)”". These methods can be very efiective

tor low dimensionality.

Conlugate gradient methods: The ssarch directions are now not
based on & stored mairix and would be used i a matrix became too
large. Powell’s!} [Examples 1 (i) and 2(vDd) . oihnd is based on
s quadrstic model which generates conjugsle directions. A line
search is then appiied slong each direction and an updaled set of
directions generated for the next step. Thaae aigorithms ssem to

axcell when there is a large dimensionality In the problem.

I

GLASSIFICATION OF METHODE -~ CONSTRAINED

The general constrained problem |s oconsiderably more Invoived than

the linearly constrained problem as movement In any direction could asher

the vaiue of the constraint. In the linsar cass a search direction can be

computed to satisly the consiraint sutomatically at ail trial peints of the

current Heration. General methods include

(4]

m

CHD

()

mmmn_muhm"“: These rely on constructing a new
object function which has constructed large values In the reglon of
non—feasibliity. An unconstrained masthod csn then be used directly

on the new function.

Mgn_mﬂml“": Penalty function methods do allow
Herates to enter the non-fsasible region. Barrier functions are so
designed to Introduce & positive singularity on the boundary of the
fesalble region. In this way non—feasible poinis are not permitied.

iagrange mulliglisrs: This is the éllulnﬂl approach to equality
constrainis and by using activa sets, inequality constrainis may be
aiso implemented. A sultably penalty term can bde included using an

augmentation to the normal ugranolln“m.

Beduced gradisnt methoda: Here the consirainis are used to fix a
search direction at each sisp which reflects the reduction in the
number of degress of freedom which arise from the constraints.
Thess methods appear to funclion well for nearly all linear
constraints. For non-linear consiraints the steps may prove Impractl-
cally small. For inequallty constraints the active set siralegy s
smployed In which some ol the Inequalitiss are on their limits and

can b tresied as equalities. The search then maves along the



(L)

boundary of the Inequailty constaint in guestion.

Simpia bounda: A bound consiraint Is sald io be active it its variable
Is aqual to ons of the bounds. Hence an iteration Is generated In
which the working est Is partitioned into free components and fixed
componenis. Only tha fres components are then pursued in an

sssentially unconstrained problem.

10

IV METHODS FOR SUMS OF SQUARES

This is & commonly ussd special cass and advantage can be made
of the special property of the objectiva function. Problems of this type can
ariss in non-linear parameter estimation and In solving a set of non~linear

squations by minimizing the sums of their squarea. Hence If

m
Flo = & E fo?
2
then H the Jacoblan mairix of | Is -'l' and i (2,(:) is the Hesslan of §j(x)
then
gtx) = gm"'m)

m
and a0 = JoTy « £ fioao

The aventual domination of '1“’1'"') over the sscond order term Is
used 10 advantage. This yisids the method calied 1he QGauss-Newion
maihod. Glll and Murray have a moditication of this method i derivatives
are not avaliable.
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v RECIS!ON TREE

The result of sections [I. III and IV Is that a decislon tree can
be made up to gulde prospective library users to a sultable routine. By
having one version of a method In which average values of tuning
paramaters are used. a desp knowtedge of the techniques by the user Is
balanced against the gain In efficiency which would follow by a good choice
of thess paramsters.

Typical tress are shown below:

Are Hest
ona
BTANT ~—3—] Only on 31 derivutives Cublo, s )
yos you |_Bbrh
«
Dacislon Teeq for e
e search i 1 (W)
LUnconatrained probiems
s stora site N Fletcher
a problem Yoo Reevesll 2 (W)
{m
< % the tunction
oo amoimm
Ara you ah Are you an Are Tirmt
sxperionced | exparienced 3 dertvatives ] QUpeth
ueer you vaar no | avallable L]
Y free
Are st Are second
ﬁ““""" & k darivatives .""""2‘"
ne available you
yoovy Jm
Modifled Gauss- Ara_second " Cuast-Nowten
Newion IV ::::VIIN. Y. WNIZW!
no Yy
o
Medilied Gaves- Are there more ]
Newtoa N "'N"'m,“"". m Hewton
yooY
Doss the function
B2 ™ Y e ,3. by ey
o
Are ot Ara Nrst I
N end Murray | dertvatives dorvatives |~y Ousst-H
avelisbie available no v
you vne
Are sescond Are sscond |
Nodtied Sauss- derivatives deriyatives e Newton
aveliable avellable you ]
noyY lﬂlhguurb L
control
Modiied Gavss- Are thers more is
Newton IV than ten :"““""“"""',".‘;‘Ium
yos vy +no
Quasl [Modinied Haws
Y vz




13

Penalty tunction Il (1)
and quasi-Newton N 2 {iv}

::sr,‘ method W (N)
modified Newton I 2 (H)
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quasi-Newton ¥ 2 (i)
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Vi CODING DETAILD

1. Prea-procesaors A number of gensrally applicable codes smploy
pre-procsssors 0 assess the problem in a crude fashion so as o fix
‘‘luning parameters’ automatically. and olten produce & good starting point
for the main algorithm. This may Involve littie more than a grid of
function evaivations o yleid Information on the rates of change of
derivatives. the sizes of the objective function and the possibilities of

close-spaced minima.

2. Line ssarches

These are carried out aiong a given direction In most multivariate
methods and commonly a cublc 1t using gradients Is used If gradients are
avallable. H not a quadratic fit is smpioyed. More recently attempis at
rafional fitting have proved sncouraging but harder to Implement. The main
coding probiem Is (o determine the accuracy io which line searches should
be made. A very stringent convergence criterion will Increase the aumber
of Herations for the line searches but decrsase the number of steps in the
main algorithm, Problems arise it the local object function is either very

slosp with respect to the distance along the optimizing direction or sise

very fiat. From a Taylor expansion It Is clear that In cne dimension
{x - 10)2
fx) = flng) + (x -~ xp)l'(ng) + fixg) +...
8o that near the minimum
- xp?
) - Hxg) = Fixgd + ...

and hence the accuracy in f is equivalent to the square of the accuracy In

x it '{xg) » 0. Hence only hall ol machine accuracy can be expecied In
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X, or less U 1"(xy) s z-ro"”. The line search has 1o be ferminaled

whan any ons ol the following conditions has besn iriggered:

(R }) The siep size has passed some pre—determined limit.  This

guards against directions along which { is unbounded below.

2) Hgpqy = fel ¢ € Ufgl + O where fy. I, ere successive |
values. ¢ Is Just greater than machine accuracy. 0 Is a variable 1o
allow for | to be close 10 zero. Hence there Is an aviomatic switch

from relative 10 absolute srrors In this case.

3 1My = X | ¢ \‘: Gyt ¢+ 8).  This conditlon! Implies
fix) » 0. An error message could be relayed if this falis 1o be
satisfied after (2) has triggered. (This would probably Imph a high
order local supremum). Some algorithms are more folerant of
neccurate line sserches than others Dixonl'®, put over stringency
can cause the iins search o get In a closed loop. An: sscape
clause bassd on a maximum number of function evaluations Is

useful In these cases.

3.  §itopping criteria

The above conditions for siopping a line ssarch will also apply o the
main algorithm. Now 3 is & vector and condition (3) must hold tor sach
variable. Many pitfalls arise I a surface NHattens in some reglon and then
bscomes more stesp. it Is possible to ‘fod’ the stopping criteria.
Safeguards Include restarting the algorithm at a sprinkiing of points round

the first minimum found. or even trying another method.

16

4. Scallng

Theorstically algorithms such as Newion's msthod are scale invariant
whh respect to linear iransiormations under sxact arithmstic. Howsver
floating point arithmetio s not scale-invariant and so variables of widely
differing magnitudes can cause considerable problems. Estimating
derivatives using finite diferences can &iso cause numerical instabliity when
close~valued. large numbers are sublracted with the Inevitable loss of

precision.
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VII EXAMPLE CODES
in this section some of the methods menilloned above are

implementad. A rangs of implamentations Is covered from programes for a
large main irame machine down 10 code sultable for the cheapest micro. I
is an interssiling exerciss to consider just what can be Implsmented on a
ohsap small micre In terms of numerical algoriihms. For sxample a
quasl~ Newton aigorithm which requires substantial matrlx work may not be
feasible as the programme Hsel will absorb most of the storage. What Is
needed is a low siorage requirement. possibly at the expense of ryn-tims.
With a mioro an overnight run is not out of the quastion. Language is
also not a problem as most of these programmes are straight forward
‘number orunching’ exercises. though modern methods based on artificlal
inteiligence (to say automatically choose & method from a Hibrary. or to
dynamically vary the tuning parameiers) are being writien. With this In
mind Algol 88 has been used for main frame sxamples (and 13 easily
convaried to Pascal or PLI) and basle for micro work

1. Micro codas
() Golden sectlon

18

One robust method for a single variable function depends on the
gsometric Golden section. The Idea Is 10 evaluate f(x) at four poinis.
The outer pair at x = a and x = b brackst the minimum. The inner pailr

are chosen so that the ratio below holds.

ca _ co
AB DB
b i i 1
L) L | L] L}
A [+ [} B

Hence It the minimum lies between C and B. A can be rejecied isaving an
exaclly similar (though scsied down) sst ol points CDB as the original sel
ACB. In this way only one new function evaluation is needed at sach asiep

and the minimum Is robusily approached.

10 INPUT “input bracketing bounds a and b*. Chr$13; a.b

20 INPUT ‘“input acquracy®. ep

LET k=(BQR(S5)-1)/2

8

LET o=b—k*(b-a)
50 LET xlwg

80 GQO8SUB 1000
70 LET ftas=t

80 LET x=b
80 GOSUB 1000
100 LET b=t
110 LET xI=a
120 GOSUB 1000
130 LET fosf
140 LET d=atb-o
145 PRINT a.b



148
150
160
170
180
190
240
260
290
320

323

1000
1010

19

¥ ABS(a-b)«ep THEN STOP

LET xi=d

GosuB 1000

LET fd=f

IF fo<fa AND fcdd THEN GOTO 240

LET amc: LET fa=fc: LET c=d: LET fe=fd: QGOTO 140
LET bed. LET fo=fd: LET d=c: LET fd=fc
LET cea+b-d

LET xI=c: (3OSUB 1000: LET fe=i

PRINT a.b

IF ABS{a-b)<sp THEN STOP

GoTo 180

LET f=x12x1+2*EXP(-x1)

RETURN

For the m'umplo given Inputting a brachketing Interval 0 to 1 and

acouracy 1.0s~4 gives the sequences for a and b of

.

0 1
0.30198801 ¥
0. 38198601 0. 78393202
0. 38196801 0. 61803300
0.56TN18 0.58718132

to give the required minimum at x = 0.5671 to four figures after 22 ateps.

n

20

Powall's method.

reaims of more serious numericel compuling. Some very refined

For functions of many variables we get Into the

packages are avallable on main frame machines. One of these Is
due to Powsll and involves a sequence of one dimensional
optimizations along a set of orthogonal direction vectors (d) from the
current starting point. After ssch one dimensional search s
complete then direction vectors are adjusted so that the first of thess
veciors bscomes a preferred direction for subsequent steps. The
one dimensional part Is written as subroutine 2000 and I8 based on
fitting a quadratic lo three points (at1)., at2). a(d) and locating
the minimum of this quadratic. One of the originel three pointa Is
replaced by the new estimate and the process repeats o give rapid

convergence

One of the ciassic test functions for optimization routines ls ths two

dimensional banana valley of Rossnbrock. The example causes considerable

problems tc many routines as the valley Is steep sided and siopes genily

from (~1.1) fo a minimum at (1.1). This Is coded at 4000.

10

20

a0
100
110
120
140
150
200
210

DIM x(5):DIM y(8.5):DIM d(5, 5):DIM 1(6)
DIM z(5):DIM w(5):DIM u(5):DiM e(5)

DIM at4):DIM b{4)

INPUT *input number of variables*: CHR$ 13:n
PRINT “Input ths start vector for the search®
FOR =1 TO n:INPUT x{I):NEXT |

FOR I=1 TO n:FOR |=1 TO n:LET d¢1. D=0

IF =} THEN LET d().])=1:NEXT J: NEXT |
INPUT "input accuracy": CHRS 13 ep

INPUT "Maximum ailowed steps*:CHR¢ 13.h.hb
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22
300 FOR =1 TO n:LET y(1.d=xCi):LET zU)=x{i}:NEXT } 820 FOR i=qu TO n-1
320 GOSUB 4000 830 FOR |=1 TO n
328 LET )= 840 LET diLDed(i+1.p)
330 FOA r=1 TO n 850 NEXT |:NEXT |
340 FOR I=1 TO n:LET wi(D=y(r.D).NEXT | 880 LET sm=0 7
370 FORA =1 TO n:LET ol =d(r,1): NEXT | 870 FOA I=1 TO n
400 GOSUB 2000 880 LET din.l)=y(n+], ) -x(l}

403 LET 1(r+Y)=ef: PRINT y-values® 885 IF AB8 di(n.i}»am THEN LET amsABB d(n.i)

410 FOR I=1 TO n 880 NEXT |

420 LET y(r+1,Dxwil)+)am*cli) 895 FOR i=) TO n:LET din.n=d(n.])/sm: NEXT |

428 PRINT y(r+3.1) 900 FOR I»1 TO n:LET u(D)=w(i) +lam*cid) : NEXT |

430 NEXT i 930 GOTO 1025
440 NEXT r 1000 FOR I=1 TO n:LET u(Dwyln+),I): NEXT }
500 LET ftmei(1)-1(2)

1025 PRINT ‘u-variables®

510 LET Jm=} 1030 FOR I=1 TO n: PRINT uil)! NEXT I

520 FOR iI=2 TO n 1060 FOR i=1 TQ n

530 F tmHD-HH1) THEN GOTO 580 1070 LET x{muti}: LET y(1.0)=muli): LET z(i)=u(l}

540 LET tm=i(D)-1(i+1) 1080 NEXT |

550 LET imwi * 1120 GOBUB 4000

560 NEXT ) 1140 IF ABS (1H-1(1)) «ap+tep®102(ABSI1(1))+,.5) THEN STOP

570 LET qu=im:LET del=tm:LET 11=1(1):LET 2=i(n+1) 1150 LET 1(T)=fi

820 FOR I=} TO n:LET a(=2%(n+1, D-y(1.1: NEXT | 1180 GOTO 330

850 GOSUB 4000 2000 FOR =) TO n

880 LET 13=ff: LET u)=f1-2%12+13 2010 LET z(i)swil

710 LET u2=f1-12-gel: LET u3=11-13 2020 NEXT |

730 iF 12=11 QR ul*u2*u2>=gel*u3=u3/2 THEN GOTO 1000 2030 GOSUB 4000

740 FOR I1=1 TO n:LET willsy(n+l, 1} NEXT | 2040 LET a(1)=0:LET b(1)s#

770 FOR =1 TO n: LET c(N=y(n+), I}=x(i}: NEXT | 2045 LET cm=ABS ao(1)

800 GOBUB 2000 N 2050 FOR i=2 TO n:iF cm <ABS cll) THEN LET cm=ABS8 oll)



2052
2035
2080
2090
2100
2120
2130
2180
2170
2180
2210
2220
22%
2240
2043
2250
2200
2305
2310
2320
2350
2380
2390
2400
2402
2408
2407
2410

2420

23

NEXT |

FOR I=1 TO n:LET ctD=ci{)/cm: NEXTI
FOR Is1 TO n:LET ziD=wi{)+h®c(}):NEXT |
GO8UB 4000

LET a(2)=h:LET b{2)=H

IF b(1) <b(2) THEN GOTO 2180

FOR I»1 TO n:LET z(D=wid)+2=h*c(l): NEXT |
LET at3)=2%h

G0TO 2220

FOR =1 TO n:LET z()=w(D-h*a(l}: NEXT |
LET a(3)=-h

Q08UB 4000

LET b(3)=ff

LET u2=0

IF alt) <«a(2) THEN QOTO 230S

LET yl=a(1):LET ai1)=a(2):LET al2)=u]
LET ul=b(1):LET b{1)}=b{(2):LET b(2)=y1
IF u2=1 THEN GOTO 2400

IF a{2} i3 THEN GOTO 2380

LET ulwa(2):LET a(2)»a{®):LET a(3)=u)
LET ul=b(2):LET b(2)=b(3):LET b(3)=u)
LET u2=1

GOTO 2243

LET ul=a{2)-a({%)

PRINT °A°,°F"

FOR =1 TO 8: PRINT a0} b(D:NEXT |
cLs

LET uZ=a(3)-all}

LET u3=a(1)-ail2)

2430

2440

2450
2455
2480
2470
2480
2400
2500
2530
250
2540
2550
2580
25710
2580
2580
2800
2810
2620
2630
2840
2650

2700

2710

24

LET ud=ul™b(1)+u2*b(2) +ul*b(3)

LET Tma(ul*(a{2)+a(3))*b( 1) +u2"(a(3)+a{1)}"b(2)
+u3t(a(1)+al2))"b(3) ) /ud/2

PRINT *“Im=*. 1m

LET min=u4w3d*ul®u2

PRINT “MIN=", min

LET u1=ABS (Im-a(3d))

LET md=ul

F ABS(Im—al1)) <l THEN LET md=ABS(Im-a(1))
IF min=0 OR mdrhb THEN GOTO 2850

FOR I=1 TO n:LET 2{D)=wiD)+1m®c{)) : NEXT |
GOSUB 4000

PRINT Tm.#

LET md=ABS(1m—al(1))

LET ef=b(1)

LET lam=a(1)

FOR =2 TO 3

IF md ¢ ABS(1m-ali)) THEN GOTO 2820

LET md=ABS(Im-atl))

LET ef=biD)

lst am=ali}

NEXT |

iF md>ep THEN GOTO 2700

IF thet THEN RETURN

LET lam=Im: LET ef=fi: RETURAN

IF Tm>a(1) AND 1m <a(2) AND ff <«{1) AND ff ®(2)
THEN GOTO 2770

IF Tm>at2) AND Tm <a(3) AND #f <b(2) AND #f <b{3)

THEN GOTO 2700
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2730 LET ir=)
F{Q b 2(2) f
2740 F b(2)>b(1)} AND b(2)>b{3) THEN LET im=2
=-1.2 1.0 24.2
2750 F b{(3)>b{1) AND b(3)*b(2) THEN LET )=3
~0. 96068 0. 9898 3.969
2760 GOTO 2800
=-0. 71810 0. 5397 3.258
2770 LET irm3: GOTO 2800
=0. 5055 0. 2082 2. 5007
2790 LET im)
-0. 2249 0.0048 1. 7095
2000 LET altin)=im: LET blir)=ff: GOTO 2240
0. 0758 -0.02019 0.9703
2830 PRINT “#f is largest ! vaiue": RETURN
0.3202 0.07928 0. 53458
2850 IF b() «(3) THEN GOTO 2030
0. 5645 0.2972 0. 2357
2800 LET altV)=a(3)+hd
0. 7050 0.5719 0.07507
2970 FOR I=) TO n:LET zi{)=w(l)+a{1)"c(i): NEXT }
0. 9258 0. 8502 0. 0098821
2910 GOBUB 4000
0. 9951 0.9914 0. 0001567
2920 LEY b(1)=ff
1. 00000 1. 00000 2.2E-10
2025 GOTO 2240
2930 LET a{3)=a(1)-hb
2040 FOR i=1 TO n:iET ztH)=wil}+a{3) *a(i) : NEXT | An sccuracy of 1.0E-4 and allowed steps of 0.5 and 2.5 ware used.
2970 GOSUB 4000
2980 LET b(3)=fi 2. Main _iframs codes
2080 GOTO 2240 (D An Algol 88 version of the golden saction algorithm appears below and
4000 LET fu=z{2)-7(7)*z(1) is testsd on the range of funciions of MODE AP. Note the dsiicale

4010 LET tvw)-z(1) stopping criteria.
4020 LET f1=100*y™utiviiv

4030 RETURN

The full outpul Includes inlermaediate points for sach line search, On

the famous ‘banana’ funciion shown above (4000) the points reached in the
major sieps are: .
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1 PROGHAM exgoldse=c

2

RECIN
$0DE
AP 142
£1:5] eeal xirvu?

AP =(1:51 AI0C ¢ REAML ) REAL J

PROC cosh={REAL x)REAL:
Az51IN
REAL wi=exolx)i
ta¥1,.0/00/2,0
ExD;

P07 10lssc*( PROC ¢ AEAL ) REAL t, REAL xUrxi,er) VOID 3
AE4TN .
REAL e={sart{S5.u)=1.M)72.0}
REAL xlisxPyxuzzelrxnsuns
EAL flext(unNdtussficl)sfn,fm;
FGIMAT 27122l "« "2x6(4d. Baesrd3n) o L™t "2 vk (+d, Ramtadix} Y}
INT uis
xntzalter{nu=nld;
ML IULE %A LT
tnizt(an);
tme=st(um)?
ul 22507
TO ut WHILE € 385 (fl=fn)>ervl A3S fL+1.0e-200)
9% ( ABS (fn=faed>er+( A9S tn+l Ne-2M))
00 ( A3% (tx=fuldere( ABS tu+l.Ne-20)}
on
IF tm<fn THEY zuszxn;furzfniantsumitaz=im;
untsxytel-xnsfmeixf(em)

ELSE wl:mxmifizaztmixmizxnifmizfns
xns=xutxl-cnifaz=flun)
[
printt({fatloxloxmoxnsnusflotmefn.tu))
an
END 7

fH012:2C AEAL x) A5aL (1, 0=-x)*({1.0=-x)=1,N);
f1021:x{ REAL w) REAL :( RFAL 43=(1,=x};
PR P LA HU T L
w=1.00:
AEAL 3{ WEAL wz=(1,0-x)?
Wi gk gyl Fukyl
. PR I 65
f1ielsnt REAL x) REAL 2(exp(~2,0#x)=exp(=x))}
FrE53={ REAL «) REAL slcos(x)tcosh(x)~1.0);
FOR i1 TO 5 00 xLCi1):1m(i1in,n,n,0,-13;
ealit1ls=(i112.2,2.2.1) 0D 2

FEE31:a( HEAL v)

Fud i1 Tu 5 02
qolsectffLitTnal (11 2,xuli1),1,0e=-7}?
T2 S DO newlins(stand out) 0D
a0
eND
FINTSH .

££(1]

- - A

+7.63932019e~
=7.44271307e~

+7.6373201%-
-9.44271907 e~

#7.63932019e~
-7.44271907 e~

. 44271922e~
-7, 75494382e~

9, 442719228~
~9.9£894382e~

+3,4L271922e~
“9.75294382e~

+9, 8484664330~
-9,39326930e~

+7,854L4331e-
=F.¥7525930e~

+9,n5k4433 e~
-9,%98246930e~

+3,95494598e~
=5.9799035% -

9, 95894598 e~
-9.9999035%e -

+9, 7489459 Re~
=¥, 9%75035%~

+9,9926593%-
=9.9979094b84e~

+3,9926593%e~
~9.99999464e~

28

+1,2360679%+
-9.44271907 e~

+1,N5572%08e4
-9,595394%4 %2~

+9,4427192%~
-9.96894382¢~

+1.05572%0%e+
-9,96394%8 2~

+1,01315567e+
=9,.99826930e~

9 ARG e
-9,9932693 e~

+1.01315567e+
-9.99826930e~

i
+1.,0N31G54Ne ¢
=-9.9979G35%~

+5,3639457% e~
=9.7090015%.~

+1.00310540et
-9.,99323035%~

+1,00073405e+
-9.997994b80e-

+9,99245937 e~
=9,9999645b e~

+1,00073405e¢
-9.9930946be~

+1.0n016%15e ¢
=9.99999970Ne~

-0 - - -

-2

-2

-2

W) S AT =

-

+1,52786404ue+
=7.,2135955Re~

+1.236N67%Rer
~7.4427190 7~

+1.06572202e¢
~9.958047382e~

+1.12461187e4
~9.34471805e~

+1.,0557230%e+
-9.94694%8 %e~

+1.01315567e¢
~F.93826930e~

+1.027616Thes

- - -y - - iy

(=]

-9.591 46520 1

+1,01315567¢+
-%.39932593 e~

+1.0N310540e+
-9.999901%50e~

+1.006%44840e+
=9.7325177 e~

+1,00310540e+
-9.9999035%~

+1.00073404Ae+
.. PIGIVLobe~

+1,0016372 %+
“9.9990731 8-

+1.0N073406e¢
~9.7739%4b ke~

-

-2

-3 -3

- 2

+2.00000000e+
+0.30000020e+

+1.527%6 406+
~7.2135955Re~

+1,2360079%e+
~9.,44271907e-

+1.236N679%4+
~F,46271907e~

+1.17441132e¢
-3,84471%350~

+1,0557200%+
=3.768943582e~

+1,05572R0%+
“9,948%4 287% e~

$1.02941¢€ 40t
~3,99134A52e-

+1.,01315586%e+
~9.99826030e~

+1.01315547e+
=9.99826095 e~

+1,0N6%6436e+
-9.9995177%e~

+1.0N31054Ne+
«?.99390355%e~

+1.00310540e+
-9,9039035%~

+1,0N14372Re+
~9.3999731Re~

-0 -0 (==

-2

-

0

- - - [ - =

pry
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.
f

-m - - - .

+7.93265939e~
=3, 90909454~

+9,99830%42¢e-
“F. 7799997 e~

45, 795308420~
-9.9%99907 e~

+9,7%2830342e~
~0. 399099702 -

*7.6392211 90~

*9.99826930e~

t/,6%93201%~
~9.9%826930e-

*7.6792201 9~
~¥.97826930e~

ti.46271922e
=¥, 49799370~

+9,644271922e-
=3.99999970e~

+7, 442719222~
~7.999%97 e~

££{3]

A

+1.63932019e~
=9.99999 484~

+7.639320102~
=9 99999464e-

+1.6%3532D019¢-
~9.99999404e~

+3, 44271922~
=1.97000200e +

+1.0557¢8GC8e+
=1.07000000e +

+1,0557280R=+
=1.07000200e+

+9.99330%42 e~
~9,99909397 e~

+1.0701691 9+
=9.9999997 Ve~

+1.070N574 et
=1.0M0MI000e +

+9,.9994257 1 e~
=1,00400000e+

+1.236N6778%e+
=F.9932693%~

+1.05572R08¢e+
=7.9939997 e~

9. 4L4271922e-
=9.9999997 Je-

+1,05572%08%e+
~9.9999%97 e~

+1.01315557e+
=1.00000000e+

t9.858844330e-~
=1.01030N0Ye+

+1,2360679 %+
=P, 909094640

+1.05572%0%e+
=1.003N000%+

+3.4427192%¢~
=1.0000000%e+

+1.0557280%e+
=1,0037900Ne+

1.17461182¢e+
=~1.00000NY0e+

+1.09330N4% +
=1.37000000e+

- 3

L= J0 | - - -2 - = (= =]

- -,

(=] -0

=y

+1,000186%148e+
~9,.7999997Ne~

+1.0N039575e+
-9.9939984 4~

+1.900163 e+
=9.39999070e-

+1.3700574 3es

- -0 -

=

=1.070009G0e+ 0

+1,527R6404e+
-9,7%356210e-

*1,2%067%3+
~9.97826%30e~

+1,.05572 e+
=9.93999970e~

+1,12461182¢+
-9,7398425 e~

+1,05572808%e+
~9.93999907 N ¢~

+1.01315567¢+
=1.07000n0Ne+

+1.527R6404e+
~9.7%320% 1e-

+1.2360679 %%+
=9.99999454 e~

+1.055728(04%e+
=1.070Q0uN00e +

+1.12661187¢+
-1.010n00Q0e+

+1.5457 1802 3e+
-9.99999985e~

+1,124611582¢+
=1.07600%0"e+

- -2

-0

+1.00073406e~
=7.99939466e~

+1.0007340%5e~
~P,999394584e-

+1,00029575e+
~9.99909 04 be~

+1.00016916e+
=9.,999909070e~

+2.0000000Ne+
+0.000N0000e +

+1.527%6406e¢
"9, TR355710e~

+1.2350679 %+
=9,9982693Ne~

+1.2360679Re4
=7.,99426930e~

+1.12651182¢e+
~3.990004252e~

+1.05572R0Be+
~3.93999070e~

+2.000n000Ne+
+0.00000000e +

+1.,527% 4040t
~9.9R320% 1e~

+1,2350679%¢¢
=7.99999464e~

+1.23406798 e+
=9.99909484 e~

+1,236N679%¢+
=9,99900454e~

+1.1571842% e+
=7.39999985¢~

-y - -0

-0 o9 -

-0 - -0

-

o9

-- 2

- -

-0

££[4)

-—

+0.0700000Ce +
+J,07904000e +

+4,7213536%e~
~2.34706052e~

+4,721359%01e~
~2,34704052e-

+4.72135981e-
=-2,34705052e~

+5,3%592117e~
=2.45664658e~

+6.524750864e~
=2.49569234e~

+6.5%475%0 e~
~2.473692364e~

th. 72787202~
=2 47947701 e~

+6. 727872028~
=2. 47747701 e~

+o6. 53374690
~2.499953346e~

+6.89337460e~
“2 43995356~

+6.d%33746%e~
~2.49995336e~

+5,912088%10e~
~2.47999N32¢=

+6.92476932e~
~2.49999%4 e~

+6,92676932e-
=2.4999934 00~

+6.92676932e~
=~2.49999940e-

+*6, 93015248~
~2.4999999 3¢~

+6.9301524 Re~
*2.49999993p~

o

-

— -k — —y - Y

+45.72135961e~
~2.,34706052e-

+7.53932010%e~
~C.4R33269Ne-

*6,52475% 66
~2.4356923 60~

+5.8359211 7~
~2.4564855%~

+6.52475854 e~
~2.4954923 4~

+6.95268273 e~
“«2 49799090 e~

O TRTRP202e~
= A9967T70 Ve~

+6.9534827 3~
~2.49999N90 e~

+6,BR3374p0e~
=2,49995734¢~

+9,9504827 e~
~2.49799N9R g~

+6,9257693 2~
=2,.4999594 e~

+6.9120881 Je-
=2.4999905% e~

+6.9257893 %~
~2.4939994Ne~

+0.93580151 ¢~
~2.497399357 ¢~

+6.93241735e~
=2.49999994 =

+6.9301524 %~
=2.43779909 g

+6.95241835e~
~2.49939994e-

+6.9312697 6~
=2.57000000e~-

30

+7.6%93201 %~
~2.49832490e-

+9.464271922e~
=2.37670710e~

+7.5391201 %~
=2,43832490e-

+6.52475% e~
~2.49569234e~

+6.9504827 e~
=2.4799907 %~

A7.21353A11e~
=2.498N553 g~

+6,95048273e~
~2.4999309 2~

+7.050938540e~
2479647 40~

+6,7504827 3~
=2.49YFI)Y g~

+6,75R77he~
=2.43991R0 e~

+6.3504827 e~
=2,h3999N9 e~

+6,9267693 2~
~2.4799994 e~

+6, 9358015 e~
=2.47999952¢e~

+8.95145054e~
=2.4999975%0=

+6.9358015 e~
=2.47999952¢~

+6.73241935e-
»2.49999904e~

+6,9%353564e~
~2.4399999 e~

+6.93241835e~
=2,49999994¢-

- -

-

Jr QY

1
1

1
1

1
1

1
1

$1.23460679%e +
—2.06119942¢~-

+1,2350067yRe
~2.06119942¢-

+9,44271927e~
-2.37670710e-

+7.63932019e~
=2,4%8324%0e-

+7,6393201%e~
=2, 478324908~

+7.6393201%e-
~2,4693324900~

+7.21359611e~
~2.498M453 e~

+7,2135961 e~
~2.4980653 e~

+7.0507654Ne~
~2,4995847 140~

+7.05098540e~
=2.49944 T 1he-

+5. 8% 7736~
“2,49991 0%~

+5,.9504827%e~
=2.49999N9%Re-

+5,95043273e-~
=2.49939N9Ra-

6, 7504827 e~
=2.4999900 8¢~

+5,9414505be=
“~2.49999752 e~

+6.9338015% e~
=2.49979952e=

+6.9%590151e~
~2.4 9799952~

+6,93353564e~
=2.4979999) ¢~

- =

-

- aa



~2.54067981e~
+1,00025%82e+

~2,35067981e~
+#1.,30025882¢e+

2, 35067981~
+1,0M0258872e¢+

-5,5728077%~
+1,09000060e +

=5,5728Y77%~

+1.07000780=+

=~5.5720077%e~
+1.397000080e+

~1.31554690e~
+9,93999993 e~

=1.31550690e~
+7.93797993 e~

[ (=300 L= R L= (=g o -

-

- N

+2.36067%81 e~
+1.07025%82e+

+5.5720077 %~
+1,00000087e+

«5,.572RC77 e~
+1,070N008Ne+

+5,572R0Q77 %~
+1,00000080e+

+1.31556690e~
+9,9973979 e~

=1.3155669%~
+9,9099909 3p-

+1.31556690e-~
+3,9993993% e~

+3,1054019%~
+1.0000000 e+

E= 0 = [v= R o -

Y

i

+5,278A4030e~
+1,00667235e+

+2.345087981e-
+1.00025%82e+

+5,572R077 9%~
+1.07000080e+

+1,246119258~
+1,00002000%e+

$5.5722077%e~
+1.006N00748 e+

+1,.31556490e~
+9,37999399 3~

+2.9L1A7390e~
+1,000N070%5e+

+1.3155649Ne~
+3.9069999 %~

- 2D [= B

- S9N

- g = R V]

+1.0040000C0e+
+1,0R33K255e+

+5,2785403%e~
+1,. 00647035+

+2,3606799 e~
+1,0N025 %% 2e+

+2.3A047%8 e~
+1.00025%82e +

+1.26611075e~
4100072 04%+

+5,.57R207¥ e~
+1.30000H080e 4

+5,5728077 e~
+1,00N0NA e +

1

2
e

+2.96147 2900~ '3
1. 0/0N0TR45e + 1
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This Is & very easlly coded line search

Bosenbrock {-d search:
method and is again llustrated In five examples.
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PRO
A

op
Fl

GAAY exrosen

GIN
MOYE
AP f4;

AP =2L{1:5]) PROC ( REBL )} REAL

[1:5] REAL xar?

PROC coshs(REAL

AEGIN

i3

v

x)REAL:

REAL wisexa(a);

(w¥t.Mfwd/2,4

EnND;

PROC rasena( OPROC ( REAL ) PEAL 1, QEAL eser,v0) vOID :

SEaTN
I4T L=

RerdL walzqcN,ps:izp,tanfn;
FulL pi= FALSE

FOQUALT a1zt =20+, R 10428, 100" x4, 344243

fas=t{ua)?
ul 3250

tozztasl, N
TG ut

dHILE

A2y (fa-fodders( ABS fa+], ga-2)

(o'tas=foiree FALSE I}
va PLUSAS =y}

toizflxa);

arintf{{fsl,nasfnd);
1¢ fa<ta T4
ey TIVe8a9 Iinzz TRIle
eL$F w1 NIxUSdy gsiag PIyaR =2

Fr
Jh
Evo 2

f1017:=( REAL
tffTes( aFaL
f6037em( REAL

11041s=0 REAL

FOor i1 TO §

¥} AFAL 1001, Dend e (1, 0=00=1,0);
*) AFAL 1 REAL wim(1,M-y):

IS T EIVEIRE DY
a=1,04)7

) REAL 3¢ <FAL w:12{1,N~x)?

LA AL R R TR JVL Y
1,037

¥) REAL :z(exn(~2_ Jvxd=myn(=x)}?
FH{50:( REAL ) REAL tleasiudecasnix)-1,0);
FOR i1 TO 3 0% warlil3:=(i1'0.0,0s0.1) np
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Crosentftli1 00,141, 08-7,car(i11);
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EnD
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AE +T L L6RP50NS e
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=
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=P, 09534537~
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=7.8939144 7~
~P.903597442e-
=#,99975501e~
=Y, 90308940~
=1.0NUNDNYDe+

“6,35132156 e~
=3.539533 84~
-, F0904NI0e=~
+5,904%0122e+
+6.298%10he~
-2.2354%94%e~
=1.0370M) e+
+5,2%423%4 7~
=P, 9C4¥ 703 Dam
=9,¥939357(1 1 ¢~
=1,)007°0710 e+

ok b ek e e b e b o d b ok mh o b k) L) b o

D kb kot D s by A — b
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££[4)

xE  +0,.799994%5e-
x®  +5,70000C002e~
xx  #1,.70000001 4
T =L, IVGINTT e~
kT #A_250000N7 a=
a=  H1,.7)00900M e+
k= +2.2730%05e-
cr  +7,7375701 e~
x=  #S5 ATAZSUNS e
AT A S7V1ETSLGe-
xT  +7 357303058~
x=  +5.7%30)4251 8=
WE  +5,7n72913 p-
k= +7,2375301)e-
xT  +4,51367202e
st +7.22558510e-
22 +A _Rp0a29Nn3Ipa
ne #7047 6N753m=
k. 5 ,I37518%) =
a2 +h, 2335297058
a7 ,5311205a~
T +A 565710 Se-
Iy th L, TADLT g ym=
T th 3975203 e-
Az +h_I1V5R55 e
T A 5471304~
x® ¥4 ,03213367 e~
Rt +4,71908553 e~
s +A IEFLN6T4Em
ax 44 ,9290711 7 e
££(51

xE +1,N3Y7I90 e+
a2 #0499 499068~
A= +?_IIUNIGO7 pm
kT #3603 3094 e~
wx =1.7W0UN0C0T et
g2 41 .025)00C7 =+
12 - +1,24693303 8~
«=  =1,.7J0090CJet
k= +5,¥4753N0NG e
xF =7, 408245938~
22 #1,34052503 e~
£ =S5.07F12472e~
Az +4, 4140628 e
wx =X 220I0957 -

b ok ok b ek b ok ok o b b D b ek b ok ek kb O SO
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f=
=z
fa
f=
=
f=
f=
fs
=
fx
=
=
=

f=
fz
4=
$x
=
f=
=
fu
iz
f=z
=
1=
fx
fa
t=

f=

fx
f=
f=
fx
f=
t=
=
=
fa
t=
f=
is

1=

~d, 510455 8New
=2.2099107%e~
=-1,98258721%e=
+5,3F934N37e=
=2 4R 156AR2%e~
=1,3825821 2e~
=1.874%170 =
=2.47719N0 e
-2, 4121285%¢~
~2 4R TNA e~
=2.4771000% e~
=2.47321725e~
=2.,4393137Ap-
=2.4771C00 e~
2., 495449248~
w2 427492346~
=2.49%903%4 e~
=2 h9FREATNE~
=2.4999815%e~
=2.49990%33 e~
-2 u3¥R726 e~
=2,49399040e~
=2.4343CA 7R
-2 493575 Ve~
=2 4 ARVPRG 4 e
=2, 4943555Ne~
-2 439333 )R e~
=-2.4973%A5L e~
=2.,47439%77¢-
-2.40495993%e~

#1.122114657e¢
+1,0479C0%44=4
+1,02410616%et
+1.0C1725%54e+
$1.U°3518735e4+
+1,0020464 844
#1,4n00CNgNe+
+1.0853829%e+
+1,0050349 e+
+1,0092733 3+
+1.07013117e4
+1,.0M0Ng157e+
#1,0000003%e+
+1.0NUAGN0Ne+

b b b ok b b mh mh b b b ok b b b b = bk b b o e = by b=

o T T e I T Bl B I = [N B - |
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The f{ollowing codes are all muiti-dimensional and within them are

mora line search subroutines - the quadratic search of Powell, the

search of Davidon and a rational search.

The first of the multi-dimensional codes Is thet of Rosentrock!™! and
Is based on a simpie Increass In search tength lor a successful step
or a decrsase In the opposite direction for an unsucoessfu! step. A -
solution of a set of linear algebralc equations soived as the minimum
of a sum of squares s used as an example. Note the gentls

convergence and being a sum of squares with zero minimum the

il accuracy.
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1 PROGRAM roswinng

L+

¢ 3EGIN
3 INT n?
] nysk;
s [1:n] REAL =
[
7 PROC rosmins{PROCCREFL JREALIREAL f,INT na,REF[ JREAL
8 INT iset . ifinoREAL epnINT dfwrit)}VvoIb:
9 AEGIN
10 INT ns=naentsis
1 REAL fD,f1,bsqamma’
12 [1:n] REAL xlsardseratrorod’
13 [1:ns1:nIREAL vealonasoety:
14 C1:nIINT 42
15
14 PROC anorma2{(REFL,IREAL beta-INT n1)REAL:
1? JEGIN
18 REAL s:=betalnls1)enetalnt.13;
19 FOR 41 FRO® 2 TO n DO s PLUSA® Hetalnl,i1)ebetalnl,.i1] 007
21 sart(s)
21 ENDS
22
23 FORMAT for1=s$t"x"10xn(n) (+4,7de+zd)L,"1"10x+d, Tdet2ds,
24 for2=$t | "gaanas"+d_7de+zd2t.,
25 aln){("aloha(*zd,")Y="td Taetzad i,
26 “x"10xnin) (+4, 7Tderz) L, "t™10x+4, 7de+24%;
27 clear(v);
2% FOR i1 T0 n DO vlitri1d:=1.0 OD;
29 RELTH
30 fOr=finl:
)| IF feritx3 THEN printf({fort,x,fO))FI;
32 FOR icount WHILE
33 IF icount=1 THEN TRJE
34 ELIF iset=71 AND icount={ifin THEN FALSE
35 ELIF fset/=1 AND
36 (800L b¥:=TRYE’
37 FOR iT TO n DO
38 IF ABS{x10i1)-x[i1))>ep THEN
ie bi:sFALSE;GOTO L1
[14] F1
“ ob;
42 L1:b1)
43 THEN FALSE
(13 ELSE TRUE
45 FI
46 oo
&7 FOR i1 10 n 00
48 ali1):=2,0;dl11):#0.0eC$13:=0.1
&9 0p;
50 ls=x;
B ti=0;
LT 4HILE
53 {BOOL nY:=FALSE;
-1 isx(i=nl1tiet);

5%
56
57
s3
5¢
60
61
L T4
63
64
65

67
63
(34
]
lal
72
73
%
75
76
77
78
7%
89
81
82
e3
R4
8%
86
L1
68
/9
%0
L
92
93
94
95
%5
9?7
95
99
100
101
102
103
104
105
106
107
108
109
110
m
112
113
114

ob?

FOR i1 TO n %0
IF aC111»0,.5 THEw
blisTRYE;
GOTO U1
FI
[+3:H
L1201}
0o
FOR 41 TO n DO x[i1] PLUSAS el1)+vli,411 DO
flemf(u):
IF $1>=fD THEN
dl il PLUSAS e[i];
elil TIMESAD 3.0/
1F iurit/=y THEN printfltfori-n.f1))F]}
f0:=f1:;
1F ali1>1,5 THEN alil:=1,0 FT
ELSE
FOR i1 TO n DO x[i1) WINUSAB eCidevCi i1) OB
e[ 4] DIVAS (-2,0);
IF aCi)<1,5 THEN afid;=n.0 ¢1
Fi
aps
FOR i1 TO n DO
FOR i2 TO n DO
slohalil,i2)seaCitdevl§1,121;
IF i1/=n THEN
FOR i3 FRCY i1+1 TO n DO
slohalitsi2) PLUSAR dCi3)*v[i3,i2)
00
FIL
Q0
on;
betall, 1:=alohalt, 3;
bizanorx(betn,1):
FOR i1 TO n 00 vil,it):spetal1.§1)/p 0D}
FOR i1 FROA 2 TO n 0O
Setali1, J:=atphalitl, 1:
FOR i2 TD i1-1 pO
prodli2le=atonali1.1)ev(i2,1];
FOR i3 FROWM 2 TO » DO
orodali2) PLUSAD alphalilsi3levii2,i3)
+] )
1 H
FOR i2 TO i1-1 b0
FOR i3 TO n DD
petalil,43) “MINUSAS orodli2]ev[i2,13)
ob
b2
o:=anorm(betari1);
FOR 42 TO n DO wl$1,12]:=betali1.,423/b OO
I H
FOR 41 TO n DO allitl):=anaormlaloha.i1) 00;
qymmazzat(2)/a101]1:2
IF iwrits3 THEN
orintf((forZsqamaal);
FOR i1 TO n DO orincft(Cil,a1Li1))) OO}
printf((x.f1))
Fl

printfl{(torl.x.11))



115 END?
116

117 PROC fa(REFL JREAL =x)REAL:

118 BEGIN

120 F1:=0.23174x(1740,61230x02140,461374x[3040,66964x(4)-0.4750)
121 F2:20, 4283« (114N, 81746402140, 4257« [3040. 33120 (AI-DI20EN3
122 £f3:20,73214x01240,41352202140,.31264x(3)+0,5163+x041-0101327
123 f4:00,84534xC1)+0.2165%0[21+0,82654x032+0,?7123%a043=0,91565?

119 REAL fl1,12.13,142

124 (1 f 14 12¢F24f34F3+844F4)
125 ENDJ

126

127 FOR 41 TO n 0D x(i11:+0,3 Op?
128 rosﬂ‘lﬂ('.uﬂ-l:1'3011.0!“'3)
129 END

130 FINISH

NT NEAR LINE 1

Compatible with previous version of module

.
N B N W B

rasminndg

+0.0000000e+
=1.2009355¢e¢
+1.0000000e~
«9.67T11171 e~
+1.0000020e~
~8,161101 3e=
+1.0000000e~
=6.7602245e~
+1.00000%0e-

+4,0000000e~
-2.,2859882¢e~

- W wp M wh B owh M e N - R

" gammant+3 9735970~ 1

atphat 1)s44 3588990e~
atohaf 2)=s+1,7320508e~
alphal 3)=41,4142135e~
alphal( &4)=+1,0000000e~-

+4.,9176630e~
+4.,9176630e~
~1.706997 8¢~
+5,1163428e~

+5.1163428e-

‘glnna=+7.?b59667e- 1

alphat 1)s+1,5811348Re~
alphal 2)=41 ,2247440e~
alohat 3)=+1,.1180340e-
alohal &4)=+1.0000000e-

+5.1163428e~

+5.82238M0e~
=1.,7537587e~
+6,003749 e~
=1.691654 Be~
+6.003749%1 e~
=1.6903621e~
+6,5332770e~

¥6.4952631 e~

+6.631289%e-
=1.6065918e~

e M omh M oap Mo E s M o X =R

- b

—h b b b

0+40.0000000e+
?+G.ODDOOOUE+
1*1.00000000-
101.00000009-

1
141.0007000e~

=5.248611%e- 1

141.000N000 e~
1

+4.000000%e~- 141.0007000e-
9. 8339927~ 1

141,2294158 e~

=1.9120434e~ 1

141,2294157 e~
1
149,6450925 e~

=1.8442092e= 1

141.37275752~

=1.8363487e~ 1

141, 3727576~
=1,88206N7e~ 1
141.6085101 e~

9

141,29214% e~
1
141.6572975e~

1

141 ,8341127e~
=1.6372312e=- 1

T+41,8274318e-

=1.6327421e- 1

141,.5903610e~
1

0+0.00000N0e+
0+0.0N00000e+
1+0,0000000e+
1+41.00000N0e-
141,0000000e-
1+1.3300000e~

141.000N000 e~
141,2294158e~
145.2230897 e~
242,.5T4024% e~

145,.327R350e~

145,.32783 8-
1=5.4548102e~
1-6,209391 8¢~
1-6,.45399%48e-
1-1.0944690e~
1-1.1435352e~

1-1.2N01284e=

0+0.0000000e+
0+0.0000000e+
0+0.000n000e+
140.000n000e+
1+1.0000000 e~

1+41,00000N0e~

141,0000007e~
141,2294158e~
241,5365225e~
2+1.067156148 e~
341.4K7491 0~

341447491 F e~
2+1.7631598~
241.429502 8~
2+1.088R14 e~
141.3105656e-
1+41.307142 %0~

141.056900 1 e~



QaRNem+4,9976070e~ 1

alpha( 1)=24+42,0204037e~
alpha( 2)=+1,.0097184e~
alpha( 3)=+1,0077822¢e~
alphal 4)=+5,0000000e-

B A B A B o M ok X wmh M e B e W

+6.63129000~

41

[ gy

141,5903610e~

~1.6349576¢- 1

+7.3811140e=

141.6981063F e~

=1.5266031e- 1

+9.6305858e~
=1.41904%1 e~
+9.5855936e-

142,0211727e-
1
142,2581710e-

=1.41468%6e~ 1

+9.5072750e~

142,2465824¢~

=1.4138195e~ 1

+9.510R122 ¢~
=1.4129380e~
+9.4770680e~

142,2555900 e~
1
1424353395~

=1.4117104e= 1

+9.89B8844Ce~

142,4939225 ¢~

=1.41053%0e- 1

QIRNAR+9 0444757~ 2

alohat
atoha
alphat
alphat

R s R e M owh W o=k K e m

1)u44,5852387e~
21844 ,560787%e~
3)m+4,5500687e-
4)=44,3750000e~

+9.898%40e~

L BRI

142,4933225¢~

=1.4143829e~ 1

+9.809765%e~

142,469290 1 e~

=1.4102684e~ 1

+P.784171e=

142,524%229e~

=1.4099965¢=- 1

+9.7756352¢~
~1.4078653e~
+9.7842759e~

142.51004T e~
1
14#2.5162937 e~

=1.40¥7123e=- 1

+9.7650798e~

142,5579433e~

=1.4095454e~ 1

1-1,200129%62- 141,056%9001 e~

1-1.4205035-
1-3.6816273e-
1-3.67352720-
1-3,7702698¢-
1-3,7741100e~
1-3,7680349¢-
1-4.116995 60

144.116995 6o~
1-4.0374777¢-
1-4.0456035e-
1-4.0385193¢-
1-4.0267516e-

1-4.0326959e~

T+, 53677440~
142.442093 %~
T+1.7R8794 8¢~
141.791458 5~
1420864071~
141.5079328e~

144.5480522e-

146.5439522e~
1+7.305%23 e~
146.283304 Te-
142.911734 5~
T#1.761452 e~

1=5,9N34865e~

=Y

NN N

gammax+7 1252533 e~ 1

alohat
alphat
alphat
atlphal

- ek M ek M mh N ek M =k

Qanna=+9 _98173517«~ 1

alohat
alphat
alphat
alohaf

- eh Kk Mok B ek N oap M N -k K

qanna=+1,9877110e~ 1

slphat
atohat
alohat
aloha(

M e m =R wom

42
1)%41, 7815241~ 2
2)m+1,2693811e~ 2
3)=46,4423510e~ 3
4)=+1,5625000e~ 3
+9,7650798e= 142,.557%433e~
=1.40989%Ce~ 1
+3.7691543 e~ 142,5677938 e~
*1.,4095368e= 1
+9,7780545e— 1+2,5737288e~
=1.4095022e~ 1
*9. 7902777~ 142,6034805e~
=1.4076349e~- 1
+9,.7873447e- 142.6043843e~
=1.4094325e~ 1
+9,7881620e~ 1+2.6025772e~
=1.4094324e= 1
11546.465994%e~- 3
) w6, 4561843~ 8
3)=41,610588e~ 3
4)%+1,.562500M0e~ 1
+9.7881620e~ 142,6026772e~
=1.4074555¢e- 1
+9.81047322~ 142.645916%e=
=1.4093775¢= 1
+9.8272067e~ 142.67834b6e~
=1.,4093712e~ 1
+9.821161 2¢~ 142,6008321=~
=1.4093655e= 1
+9,8216677¢- 142,6758057 ==
140936240~ 1
+9,8236959%= 142.6761137 e~
=1.4093406e~ 1
+9,.8297802e~ 1426770376~
=1,40933N2e~ 1
+9,8252460e~ 142,6789017 e~
~1.409317%e~ 1
1)24¢1,1160191e~ 2
2)=42,2183234e- 3
3)me1 7469281~ 3
4)=+7,.8125000e~ &
+9,8252460e= 1426789017~
=1,4097550e- 1
+9.8153976e~ 142.671%399e~
=1,40930%e~ 1
+9.7868520e~ 14+2,6830527e~
=1.4092072e- 1
$9.7920640e~ 142.6945240e~

1-4,032675%e~
1-4.0%93653e-
1=4.0283%674e~
1-4.0483754 e~

1=4.06865270e~

1=4,0453012e=

1-4.,0453012e~
1-4,05743853e-
1-4.0564234e~
1-4.062R277 e~
1=4.,0617428e-
1=4,058495Fe~
1-4.0486550e~

1=4,04575%2e~

1=4.0457882e~
1-3.9858357 e~
1=-3.98652456e~
1-3.9R95%48 e~

1=5,7035864e-
1-1.5178712e-
1=1.2661402e-
1-6.04B864%1 e~
1=4.1613164-

1-4,447% b4 ke~-

1=4,0479 4 ke~
1-B8,175699 20~
1-1.0973250e~-
1-1.117N7 %8 e~
1-1,175749 4o~
1-1.17078% 2e~
1=1.155%34 e~
1=1,1706999 ¢~

11,170699 %~
1=1.299187 9e-
1-1.31852%Fe~
1-1.4202602e~
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~1.4091952e~
+9,.80742N0e~

43

1
1+2,7255404e-

-1,64091782e= 1

+9.80069595e-
“1.409146 e~
+9.8050930e~
~1.4091298e-
+9.8030516e~

142.7241548e-
1
142.7228307e~
1
142.715673% e~

=1.409094%e= 1

+9.8147336e~
=1,4090593 e~
+9,8091938e-
=1.4089911e~
+9.803841 be~
=1.4089877e-

gammas+?,6650296e= 1

alphat
alphat
alphat
atphal

o M mm I e N R I R A ek M e R =k M ok X R AN N N SN N

1)2+41,5205552e~
2)=+1,1655100e~
3)=+4,0264706 e~

4)=4+1,5625000e~

+9,8038416e~
=1.4093898Be~
+3,6630740e~

(VR IV )

142, 7394857 e~
1
142,7357135e-
1
142.737%4658e~
1

142.7379658e~
1
1+43,12540%% e~

=1.4077813e~- 1

+9,.7320054 =~
=1.4073503e~
+9.7056125e~

143,1971036e~
1
143,2693357 e~

=1.4071699¢- 1

+9,6264308e~

143,4884327 e~

=1.4069822e~ 1

+9,6781300e~
~1.406554 6e—
+9,6811602e-

143,541456% e~
1
1+3,5303%315e~

“1.40064340e~ 1

+9,8362578e-
«1.,4064032e~
+9. 84336830~

143.68964060e-
1
143,6560297e~

“1.40559568e= 1

+9.78594620e~
=1.4051155e~
+9.78752260~
~1.4050932e~
+9.7922045e=
=1.405035%4e~
+9.8062502e~
=1.404987 e~
+9.7617105e~
=1.4046750e~
+9.790791 3e-
=1.4045900e~

gamaas+? 1838197~ 1

alphat 1)=42 5498255~ 1
atpha{ 2)®+5,5683591e~ 2

143,8199020e~
1
143.8194108e~
1

143,8187371e-
1
143,816116%e~
1
143.93902N3 e~
1

143,968R468e~
1

1=3.9%97973e-~
1-3.9908020e~
1=-3,979560%e~
1-3.9525691 e~
1-3.9827225e~
1-3.9480992e-

1=3.9496912e~

1-3.9496912¢~
1-3.3177055e-
1-3.5846086e-
1-3,2661113 e~
1-2.910619% e~
1-2.9507947 e~
1+2.9637770e-
1-3.11430%9¢-
1-3.1232500e~
1-2.8566311e-
1-2.8556017.-
1-2.85251358e~
1-2.8432498e-
1-2.6432356e-

1-2,6715103 e~

1=1,725153 Ve~

1=1.75381% e~

T=1.777704 S !

1=1.8430423e~
1=2.0917%2 be
1-2.1540327 e~
1=2.1476123e

1~Z.Tk7$€23e"i2
1-8.724%066ei 2
1-2.0983206e-: 2
1-1.0327890e~ 11
1=1.4015%9 6011
1=1.4295807 011
1=1.4397kS1en' 1
1-1.5239FA2e 11
T=1.55427h1 4e~" |
1-1.830%% % e~ 1l
1=1.8303649e~" 1
1«1, 82891128 1
1-1.8245%01e- 1
1-2.0%200H51e-"
1-2.0477848=-"1

e

'

iV

'

e

e

'
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aloha( 3)=+4,.7450610e~ 3
aloba( 4)=+6,2500000e~ 3

W N ek M ek B ek R e R e M ek M =k M M =K

+9.790791 3~

“

143.95384468e-

~1,4055796e= 1

+9,7856732e~
=1,4031700e~-
+9,.7703187 e~
=1.3999404 e~
+9.7242556e~
~1.3995238e~
+9,.8796842e~

144,4515783 e~
1
145,8997726e~
1
141 ,02443506e+

1
141,033%963e+

=1.39633"0e~ 1

+9.982201 Fe-

141.01442N3e+

-1.3876816e~ 1

+1.04484%%e ¢
“1.3810077e~
+1,04139 60+

0+41,0428026e¢
1
0+1,.3686462e+

=1,3770234e~ 1

+1.049083%3e+

0+41.354073%2e+

~1.3715885e~ 1

+1,05116R6e+

0+41.3544450e+

“1.371N065%e= 1
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+8.8368987e+

0+6.88553Re+
5
0+6,.8R65192¢e+

~4,284065%e~ 5

+8,8403958e+

046,8887342e+

~4.2526987e- 5

+8.8394538e+
~4.1970622¢~

qamean+3 1718557e~ 2

alphat
alphat
alohat
alpha

1)24¢1.0005034e~
2)243,1734525e~
3)x41,610588 e~
4)m+3,9062500e~

F PP

0+6.8887562e¢
5

146,335,020+
146.3355856e+
146335420404
146.3356664e+
1453358044 0¢
146.335%305 e+
146.33583R3 04
146.3362525e+

146,3362526e+

146.3%2526e+
146, 3373121+
14¢6,.3331067e¢
146.3331809e+
146.3382895=+
146.33888542+
1+6.338R723e+
1456.3406601 4

146, 3407158 e+

1=1.0443256e+
1-1.0643736e¢
1=1.0643715n+
1=1.0443805e+
1=1.0444075e+
1=1.0444050e+
1=1.0444058e+
1=1.0444B857e+

1=1.0444870e4

1=1.0444B70e
1=1,04467 bk e+
1=1.0440150e+
1=1.0448103e+

t=1.C448108e+

N NN NN

N N N NN

1=1.04491828+ 2

1=1.0449185e+
1=1.0452348e+

1=1.04523% Se+

+8.8394538e+ O+6,8BB7562¢+ 146.3407158e+ 1-1,0452313e+ 2
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~4,6398791e~ 5

+8,8457062e ¢
~4,0193037e~
+8,B644034e4
=3.9836554e~
+8,8604435e+
=3.4666453e~
+8.8612180e+

U+6. 8035927+
3*6.90850?3e+
3+6.9DBSG61¢+
3+6.9082262(+

=3.,1629225e=- 5

+8,8620973e¢
=3.1503263e~
+8.84818706e+

0+6.9089204¢+
5
0+6.9089077e+

~2.9124242e~ 5

+8.864650%4e+
=2.849154 e~
+8.8463754 60
-2.8168998e~
+8,8643355e¢

0+6.9109903 e+
5
0+6,.9107611 ¢+
S
0+5.9108712e+

=2.80475R1 e~ 5

qamaman+] ,7354522e~ 2

alphat 1)s+4.5631872e¢~ 1
stohat 2)247.9191934e- 3
alphal 3)=42,7621359¢~ 3
alpha( &)=+3,9062500e~ &

e B ek M =k N =k eh K N RN N kM M -h -

+8.8643355e¢
“3,1426155e~
+8.856978%2e+
“2.5757938e~
+8,.88614562e+
~2.0516298e~
+8,9352402e 4
=1.9559548 e~
+8,9366017e+
=1.5402725e~
+8.918258%e¢

0+6.9109712e+
206.9157170e +
3¢6.93025600+
306.9751715e+
0¢b.9740581¢s
84695768150+

“1.481137%1e~ 5

+B.917251 %+

0+6.95754R2e4

=1.3165093e~ §

+8,9167775e¢

046.95770N3e+

=1.0353460e~ 5

+8.0443817e+
=9.7611253e~
+B. 74560284
=5.7029682e~
+8.9440393e+

044.9%22352e¢
(]
0+5,98235Re+
6
0+6.98251 640+

=3.6927473e~ &

Qamma=+4 4183738~ 3

alpha( 1)=41 . 468764%e+ D
alphal 2)s46 4B95499e- 3
alphal 3)=43,4938562e~ 3
alphat 4)=41,5625000e~ 3

x +8.9440393e¢ D+5.982574404 146.4285347¢+ 1-1.0595F06e+ 2

144.3451748e+ 1-1,0459752m+! )
146,3585507e+ 1-1.0482046%e+ !
146,356899468e+ 1-1.04519Se¢ i
146,359036%e+ 1=1,04819583e+ )
146.3596642e+ 1-1,0483089e+ !
146.35960690+ 1-1,0483061 04}
146.3615245%e+ 1=1.04861F%+i ]
1+6.35160%5e+ 1-1,0U841Hb6esi!

146.3616401e+ 1=1,0486202e+

+B.9694060e ¢
~3.,2153015e~
B, 9657458+

+8.9656534e+

+8.9641272e+
=2.21106%7 e~
+8,.9637364et
“2.1609730e~
+t8,9636374e+
-1.22722%2e~
+8.9659266e+
=1.2246408 e~

- M e M oag M ok M mh A SRR =k M =

gammamn+td 002459 1¢~ 3

alohal 12244, 1606582¢~ 1
alphal 2)=+41_,6572R15e~ 3
alohal 3)845,5242717e- &
alohal 4)=+3_9062500e- 4

52

-4,9222130+~ 5

046.987%921e 4+
6
0+47,00202%5e¢

-2.6781456e- &

0+47,0021363e+

-2.216132%2e~ 6

D+7.0007645e+
g*?.OGGTTODQ*
3#7.000750994
E#?.OGZ!USBG*

146, 4%30%%2e¢
146.4467525+
146, 44664750+
146, 44536194+
146, 4453700+
146,445351ae+
146, 4472729+

+8.9650266e%
=7.3898559%e~

0+7,0N02R0%8e+ 146.4472729e+
6

146,36164010¢ 1-% 0EBA2N 2o+ ¥
146,34562255m4. 1«1, 049641+, 1
146,5799819e4 1-1,05159282¢
146,4212508e+i 11,0582 e+ &
1+46.62102792+i 1-1,0582808e+ 1
146,.4&05552 et 1=1,055776ns 1!
146, 4054069804 1-1.05578M 604
146, 405678404 110057792+, 1!
146.423680 e+ 1-1,0595301 e+ [
146.4285210e+ 1=1,0%9540 40+, [

146, 42853474 1-1,05953060+, 1!

- e o= M =k X =k N

+B8,9632837ee
=1,1749757 e~
+8,96340616e4

+8.76353N3e4
-8.8929676e~
+83.96368%7e+
-8.314401 e~

gamman+9 546788V be~ 3

alpha{ 1)=+5,0002288e~
alohal 2)244 78415%8e~
alphal 3)=+4,3675202e~
alphaC 4)=+3_.9062500e~

LI

+8.96368%7er

+8.962571 3e¢
=7.80075R5e~
+8,962902%e+
~7.0647252e-
+8,9629008e+
=5,169981 2e~
+B,962927 00+

0+47.,00035%7e+
6
0+7.0003408e+

=9.8040410e~ 7

0+2.0003294e+
7
0+7,0003386e¢+
7

0+7,000338be+

=2,1825078e~ 6

G+6.9991035e+
7
0+6,999N8746=+
7
0+6,9991055e+
7

T+, 44501N2e4
146, 4644990 84
146,465004354

146, 44500328

146, 4450032+
1464438604t
146, 4438629+
146, 4438293e¢

M oap A o=l M =h M = kX =h M =hN

~5.1615325e~
+8,.9631758e+

0+6.9991340e+ 1+6,4438550e+
7

046.9991225e+ 1+6.443R518e+

=4 BAIRLS Be- 7

+B.96317h1es
-4, 6598878~
+8,96319%99e+
=4 .1752587e=
+B.9632770e+

0+6,9991355%e+ 1+6.443R245e+
7
0+56.99F13R%e+ 1+46,443R27 3¢
7
046,.9991480e+ 146,44383N0e¢

1=1.050273 4=+
1-1.062501 704+
1=1.062501 2e+
1-1.0622923e+
1=1.0622916e+
1-1.0622%4 20+
1=-1,0626075e+

1-1,05626075e¢
1-1,06223%60e4
1=1,0622382e+
1=1.06223%1=+
1=1.0622374e+

1-1.052237 4+
1-1.0620524e+
1=1.0620536e+
1-1.0620544e4
1-1.0620588e¢
1=1,05620597=4
1-1.0620603e+

NN NN N

1-1,0620601e+ 2

1-1,0620592e+
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{lv) The second muiliple method Is again a direct search and Is the

simplex method of Neider and Maad!®),

f ~4.0974664e~ 7
x +B.9832967e+ 045,9991697e+ 146, 44384000+ 1=1.062062504+;
f 4. 0854804e~ 7

gamman+4 11037450~ 2

Alpha( 13242 399,880e~ 2
alphat 2)=+9 8621977~ &
alohaC 3)=+47,1094822e= &
alohal 4)=+1,953125%~ &

tB. 9632967+ 0+46,9991007e+ 146,44358499e+ 1-1,0820625¢+ '3
=1.4086580e~= 6

B A L L F W A ]

+8.9508870e+ 046.9979519e+ 146,442560404 11041881347
7

~3.9347417e~
+8.9630406e 4+
-3.4875631e-
+8.9633107e+

0+6,9984084e+
7
0+6,.9984156e+

=3.,2320322e~ 7

+8.7631038e+

0+6,9984435¢e+

=2.50965%7e~ 7

+3,.9633110e+
=2.4132743 e~
+8.9632852¢ +

0+6,9984488e+
?
0+6.9984445¢+

=2.36412467e= 7

146.8430990e+ 1-1.0619486e+!2
1+6.4430740e+ 1-1,0519497e+ 12
14644305700+ 1=1.041989De+ ‘2
1+46,463030244 1~1,0419499e+ '2

1+6.4430362e+ 1-1,0419501e+ 2

Qimaaa+5, 04621704~ 2

alohal 1)=2+1.5644900e- 2
slohal 2)s47 BERL251e= &
slohal 3)=+3 93554930~ &
dlphal 4)me4 BB28125e~ &

+8.9632862e+ 0+46.9984465e+ 1+6, 4430552+ 1-1.0619501e+ .2
~3.7350841e~ 7
+8.7632862e+ 0+6.9984455e+ 1+6.4450342e+ 1«7.06198501es .2
=3.7350841e~ 7

- K R
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1 PROGRAM sisplex

2 BEGIN

3 INT ni

4 n:s2;

H FORMAT fql=3t4(4(3xed, Bde+dit)S,

6 fq2eS{+d.81e+2dS’

7

8 PROC fm({ REF [ 1 REAL x) REAL @

9 BEGIN

10 REAL f1,f2,wlsu2sad:?

11 wisx{1]=x(2)7

12 IF AHS w3<s1,0e=20 THEN

13 wit=cos(xl2?2}):

14 w2ingin{x[2]);

15 f1'll(?]*l[2]t(-u2-u3tw1IZ)IZ+|£?]*(H1+dSil[?quIIZ+l£?]'u2) w?;
16 f2io(xC2)ex[2)-pitoi/4In(=w2-uw3"ul1/2)/2

17 +CxC2)=0i /2 % Cut+udanl2)0uwt/2+x[2*u2) ¢ =uld
18 ELSE

19 wizzcos (x(1));

20 w2:scos (2132 “
21 t1enx{2)2x(2)%(ui=u2)/ul/?. O*tt’Jt(rt1liu’-:[2]*w1)Ius-sin(:[?l)-
22 f2is(ultlexCtl-nitoi/e.0)={ul-uw2)/uw3/2.0

23 +(xC1)=24/2. 002 (uC1)ou2=-202) %12 /ud+1,0=sin(x(1])
24 Fl ¢
25 t1nf1442442

26 END 7

27

28 [1:nt1.,1¢n) REAL pJ

9 REAL e2

X0

31 PROC simpleaxt INT nns PROC ( REF [ 1 REAL )} REAL ft,
32 REF [+] AEAL 0+, REAL e) VUlD

X3 IEGIN

34 INT nisznntl;

35 C(1:n) REAL v:

316 {1:n] REAL yrea:

37 REAL yssyssomasnissloyhryls

38 [1:nn) REAL pssbssspbar;

39 REAL alphasbetssoamwma;

40 INT heolouly

61 8.0L wrli= FALSE ¢

42 INT inos

43 FORMAT furtaStS(+d. Bde+zd3xls:

L4 alphas=1,0;

45 veta:=0.52

1] gammasn? i1}

47 ul =250

[¥.] FOR 41 TQ n 00 yCi1):=2flp(i1, 1) 0P

&9 FOR ic TO ul

50 WHTLE

51 IF dc¢=] THEN TRUE ELSE

52 BOOL b:= FALSE

53 FOR 11 TO n DO

54 ( ARS yCitl>exe*0_0U1'bglt= FALSE

¢ ROTO L2} oD 2

56

(bql!ino 2LUSAD 1tinoz=1ihatsx TRUE )}
(ino=&'bze FALSE ;7 G010 L1):
L2t FOR i1 TO mn DO
FoR i1 1O » DO
( ABS (yrem{i1l-yLit))>wen 435 y[i1)!ibDz=
l1:b

TRUE 7 GOTO L1} 0D

hs=ls=t;
yremiey;
FOR i1 FROM 2 TO n 0O
¢ If yCi11>me THEN ma:=yClit)inz=il F1 3
1F y[i1)<mi THEN mizsylit1d20s=41 FI ) 00 ¢
FOR i1 TO nn DO
(s1:=0,47
FOR 2 Td n Dy (i2/=h!st PLUSAB ol12,91]) wb 3
ppar(itlz=s1/{n=-1)) 00 :
FOR i1 TO nn 00 osC#11:=x(1.0¢atona)epparli1)~alonasolh,il1] OO
ys:=f(osdivizeylLd2yhenylnl;
IF ya<yl TH:EN

oo

FOR %1 T2 nn 00 ossCillzmgammarnsCit1l+(1.0-qammadtpoar{il] 0D /

yss:ufipss);

IF yss<yi THEN ofh, 2:spssiy[hlssyss ELSF nlh, Jr=osiyvinlisys F1

ELIF
3001, bs:= FALSE
FOR §1 TN n WHILE NOT 5 00 (i1/=nt{y[i1)>ysibta TRUE )) 90}
b
THEN
plhy Jimosiylhle=ys
ELSE

1F ys<zyh THEN plnhs, Jimp9iyhizys FI

FOR i1 TO nn 00 ossCillzsbetatolh,i1)+(1,0=beta)tonar(il] 0D

yssintf(oss)?
IF yass>yh THEN
FOR +1 TO nn 0O
ENR 32 TO n 00 oli2,413s=(pli2.41)+p(t,i12)/72.0 OD
FOR 31 Ty n D0 v(i1ls=fColils 1Y UD
ELSE plhs J:=pssiyChli=yss
FI
FI
Jorinef(lfurtsv));
printf{{furlspll, 1}

END 0D ?
print{inestine,"nin
printf((fna2,y[L1));
arint{{newline,"min pointsnewline));
printf((furt,oll, 1))

END

on ;

t"sneulined )’

FOR 1 TO n+T Du FOR i2 Tu n DU
read{plC41,423) 00 OO
simplex(nsfro.,1.,0e-08)
END
FINISH

.
»



simplex

0.3 1.4
0.3 1.0
0.4 1.2

+1.36695342e~ 3
+3.9999999%¢= 1
+2.3568706014e- &
+31,99999999¢e~= 1
+2.356B7614e~ &
+3.999999999= 1
+1,335176%1e~ 4
+3.3437500%e- 1
+1.335176% ¢~ &
+3,.3437500%e~ 1
+2.49822576e- 5
+3.42812500e- 1
+2.49822576e~- §
+35.82812500e-
+4,13457383e= &
+3,47753908e- 1
+6,13457383¢~ &
+3.52368169e- 1
*4.13457383e~ &
+3.56436772e- 1
+3,02300921e~ &
*3.56436772¢~ 1
+3.N2300921e- 6
+3.56634772¢= 3
+9,25R055645e~ 7
+3.40309988e= 1
+9,25855645e~ 7
+3.60309988e~ 1
+1,58032726e- 7
+3.63070875e- 1
+1,58032726e= 7
+3.60395197e~ 1
+1.58032724e~ T
+3.51021515e~- 1
+4.43762551e- 8
+3.61021515¢= 1
+4.4378255%e~ B
+3.61021515e~ 1t
+9,72654235e~ 9
+3.51021515e= 1
+9,72654235e~ 9
+3.61377098e~ §
+9.72654235e~ 9
+3.61315422e~ 1
+1,11289118¢- ¢
+3.61315422e- 1
+1.11289118e- ¢
+3.61122213¢- 1
+1.11289118e~ 9
+3.41201353e~ 1
+1.4630134%9e=10
+3.61201353e- 1

57

+9. 714616681~
+1.20000000e+
+9.71461661e-
+1,20000000e+
+6.96960719%-
+1.20000000e+
+6.55960719e~
+1.09375001e+
+6.,9996071%e~-
+1 . 09375001+
+5,06950719e~
+1,.15312502¢+
+1.29307009e-
+1,15312502e+
+1.29%0700%e~
+1,11660150e+
+1,29307009e~
+1,.13032220e¢
+3.33905754e~
+1.,13829349e+
+3.,33005754e~
+1.13829549e+
+3,04104077e-
+1.13829349e+
+3.04106077e=
+1.13065723e+
+3.,04106077e~
*+1,13065723¢+
+3,04105077e~
+1.13569225e+
+1,1U547128e~
+1,13434978¢+
+1.10547128e~
+1,13283913e+
+1,10547128e-
+1.13283913e+
+1,10547128e-~
+1.1328%3913e+
+1.10547128e~
+1.13233913e+
+1,10547128e~
+1,13313673e+
+4.6592778 0=
+1.13351509e4
+6,65927780e~
+1.1335158%e+
+4.16092122e-10
+1.1334603%e+ 0
+6.16092122e-10
+1.133285692+ 0
+h . 16092122e=1(}
+1,13328549e¢ 0O

OOQOODQmOacﬁﬁlﬂDGONQ‘UGNDNCOOOQMOMGMQMOU\GMQUIQ-I-CJJ*

1.49629947e~ §
+1.6962994 e~ &
+1.,49629940e= "4
+1,49620941e- &
+2.48749125e~ §
¥2,4B87491252- 5
+2,48749125e~ §
+2,4874912%5e~ 5§
+1.50262530e~ &
+1.50262530e~ &
+1.5026253Ge- 6
+1.50262530e- 6
+1.50262530e~ ¢
+2.52192287e~ 7
+2.521922R7e~- 7
+2.52192207e~ 7
+6.655741506e~ 8
+6.655741580~

*1.973346425e~ 8
+1.97334423e- 3
+1.67431603e~ 3
+1.,674315032- 7
+1.67431403e~ 9
+1,6746314603e- 9
+9,41459979e-10

+9,41459979¢-10

+1.46801349e~10
+3.61113487e~ 1
+1.,468013492-10
+3.61113481e~ 1
+1,4680134%e-10
+3,.61149743e~ 1
+1,72720310e-11
+3,511804643e~- 1
+1.72720310e-11
F3.51129290e~ 1
+1,72720310e-11
*3.51154806e~ 1
+1.81694937e=12
+3.51154806e= 1
+1,81694937e-12
+3.6114N937e~ 1
+1.81694937e~12
+3.611460937e~- 1
+1.21694937e=12
+3.81140937e= 1
+1.81694937e~12
+3.61149240e~ 1
+4,69901895e-13
+3.61145256e- 1
+4.699018952~13
+3.51145256e~ 1
+1.02695630e-13
+3.61144256e= 1
+1.02695630e~13
+3.61146256e- 1
+1.80411242e~14
+3.41144375e= 1
+1.%04171242e-14
+3.61144945¢- 1
+1.80411242e-14
+3,411456459e~= 1
+1.23512311e~15
+3.8114545%e= 1
+1.23512311e-15
+3.51145347e~ 1
#1.23512311e~15
+3.61145347e~- 1
+1.25512311e~-15
+3.61145347¢- 1
+1.23512311e-15
+3.61145277e~ 1
+2.22044605e~16

58

+5,16092122e~10
+1,13335916e+ 0
+9.386144N7e-11
+1.13335918e+ 0
+9.386146407e=11
#+1.13330172e¢+ 0
+9.335144N7e~11
+1.13330459e+ 0
+1.01277614e-11
+1.133351 16+ O
+1,01777514e-11
+1,13333480e¢ D
#+1.01777614e-11
+1.13333480e¢ D
+1.01777614e-11
+1.13%33984e+ D
+1,82604994e-12
+1.13333984e¢ O
+1 . R2664994e-12
+1.133339% e+ D
+7.64943654e=14
+1,1333448%+ 0
+7.64%43844e-14
+1,1333335%9e+ O
PTLE494368 6014
+1.1333345%e¢+ D
+7.64%943654e-14
+1.1333385%e+ @
+7.64943664e~14
+1.1333345%e+ O
+7.6494T654e=14
+1.133338013e4 D
+1,067201%e~14
+1.15333382e¢+ O
+1.06720188e-14%
+1.1333348%1e+ O
+1.06720188e~-14
+1.13333351e+ D
+1,06720188e~14
+1,13333807e+
+3.06599111e-15
+1.1333358%7¢+ 0
+3.0669911%e-15
+1.13333887e+ 0
+2.22044605e=16
+1.13333872e+ 0
+2,2206446N5e~-18%

+2.20032340e-10
€2,20032340e=10
+9.10996278e~11
+2,10995278e~11
+9.,10994278e-11
+1.38952322e~-11
+1.38952322e~11
+3.37130284e-12
+3.37180284e-12
+1.4790%462e~12
+1.47909442e~12
+1.479094620~12
+2.17R81269e-13
+2.17881269e-13
+5.08620923e-14
+5.08620923e~14
+5.08420923e-14
+1.74999904e~14
+1.7499%906e-14
+4.99600361¢~15
+4,.09800361e-15
+1.11022302e-15
+1.11022302e-15
+1.11022302e~15



+3.61145407e- 1
+2.22044605e-16
$3.61145347e~- 1
+2.771555756e~16
+3.811454782- 1
+5,55111512e-17
+3.61145444e~ 1
+5.55111512e~17
+3.61145440e= 1
+5.55111512¢~17
+3.51145459e- 1
+6.93088390e=-17
+3,6114545%e= 1
+5.55111512e=17
+3.61145459¢= 1
+5.55111512e-17
+3.6114545%e~ 1
min f

+1,38777878e~17
min point

+3.6114545%e~ 1
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+1,1333%876e+ O
+2,22044605e~16
+1.13333881e+ O
+1.11022302e=106
+1.13333407e+ @
+1.11022302e-10
+1.133338%2e+ 0O
+4,93889390e~17
+1.13333485e+ 0
+5.55111512e=17
+1.13333887e+ 0
+5.55111512e-17
+1.13333887e+ 0
+5,55111512e=17
+1.13333587e+ O
+5.55111512e~17
+1.133338%7e+ O

+1.13333887e+ 0O

+1.11022302e~16
+1.11022302e~16
+1.11022302e-14
+1.38777878e~17
+1.3877787Re-17
+1.38777878e~17
+1.38777878e-17
+1,3877728702-17

(v)
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The quasi-Newion exampie Is an Iimplementation of Huang's unitied
npproach"m. This is not the most efficient Implemenialion but
lllust-ates all the quasi~Newion methods in one code. Morsover both
Powell and Davidon Nns searches are Impiemanied and can be
interchanged by the cholce of the BOOL . Tha constants rho. col,
©2. k1 and kZ are precisely thoss In Huang's original work.
Rosenbrock’s "banana reglon® has besn used as the axampls. A run
with Powsll and a sscond one with Davidson es the line ssarch are
given,
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1 PROSAAM huang
2 9¢6TN

[T i
QO NN WAN=S0ODo N0 WS

£1:21 REAL x01.xmi?
[1:4] REAL xN2,xm2:
REAL fwm;

C1:4) REAL aD,xo2}

PROC t1s(REF [ ) REAL x)REAL:
BEGIN

REAL wis(ul(2)~-«L1)%x(133:

100, 08uswt(1,0-x01))%(1,0-x[1])
END;

PduC gt=( INT 4, EF [ ] REAL x) REAL:
SEGIN
CASE + IN
“2.0% (200 0k g (1 {xC2)=-xC1TI*x{1024(1,0=x(11)),
200.0%¢(xC2)=-x(112xE1])
ESAC
END?

PROC powelln(PROC(REFE IREAL)REAL f,
REF [ ) REAL doxksREAL hser)REALZ
BEGIN
REAL zasxpencofasthefcrddochowemansut w2, ,wlsming
INY n:=UP8 xksulsi?
[1:n)] REAL xar;
ul:=50;
900L powout$=TRUE,
FORMAT folsSi”x"3x3(+a,Tde+zd3x)ls"F 3¢ xtd, Tdetzg)s?
xa:=(.07

PROC tr=(REAL 2x)VOTD:
BEGIN

FOR i1 T0 n D0 warlitdz=xkCi1)+ex+d[i1] OO
cND;

triva};

fasxé(car);

xbizgathitriub)ifbref(nar);

IF fo<fa THEN xci=abthitrixc)ifeznfixar)

el SE
xctuxg~hitr{xc)i;fece=f(xar);

IZacixcisxbixbiwnainatnu;

wisfcifcsafpitosafa;farzy

FI:

TO ul WHILE
(ABS{fa=fh)>ern(ABS fa +1.0e-20)) nR
(AAS(fo=fc)>ern(ABS fu+l.0Oe=20))

Do
(oowoutlorintt((fal -xarabencotastorfe) s
witsab-x¢iwlioucrsaluliana=xh;
wiz({wivtarw2efotwintc);
TF ARS w<1.0e=35 THEN print{(newline .,"FATL2"sneulined}

62

ELSe

dd:=((abfxc)*wltfa+(lcfta)*u2t1h+(ua0:o)tuSif:)IuIZ.D

F13:
chims(ulvtatu2efosulefed /ullu2tul:
IF ¢h>0,N THEN

IF fe<fo THEN
xar=xbifasnibubsuccifosnfes
vci=nDthitr{nc)ifcsmt(xar)

ELSE
xet=noifei=folxpsnxalfprsfa;
ratexp-hitrivadifas=f(xar)

fFl

ELSE

1281 ;mans2ARS{xa=dd);

I1F max< AAS(xb=g3) THEN maui=ABS(xb=dd)ige? FI :

IF max< ABS(xc=dd) THEN i3=3 FIL ;

CASE § IN
(zazsdaitr(an)ifasnfixar)),
(xbrzogditrizb)2fbi=ti{xar)),
(xcsmaditelnc)ifeisflnar)y

ESAC?

IF na>xb THEN
WiZnaixadiExblixbyay;
wintfalfassthithing

Fi1:

IF xo>xc THEN
WisDIxDITNCIRCIMy;
Winthlitnisteitciny

Fl;

IF wa»xb THEN
WITXAINAIERDIiNDE Wy}
wisfaitasetifozau

fFl

FI
1]+
it=1 minsnfa;
IF ain>ft THEN mins=foi:=? F1}
IF min>fc THEN i:=3 FiI;
CASE i IN
X3p 2De xC

PAOC oavidons(PHOCCREFC IREALIREAL f.
PROCUINTLREFL THEALYREAL qo
REFL JREAL 94,xk,REAL hh,er)REAL:
ReGiN
Redl alrsasbenll f0,farausgasvlsuszslmsacsfe?
INT n:=URB xkeulteulZasullfaul2ts
ul? ;=824 2:=220:
AOOL o1:=TRUC,q0a7
C1:nlREAL xar?
FORMAT falegi™An"+d, 7de+zd?x,"Bs"+d. 7det2zdls
“Fam"+d Pdet2d?x,"FBE"+d,_ TdetzdS,

fdZae(TALS"+d, 7detzdi1x,"FAa", +d. 7derzd11x,"GAR"+a, Tdetzd®;

f0:=fixk);
99:20,02 -

FOR i1 Ty n DY q0 PLUSAD g{il,xk)*dd(il1] 002
pi= 30>x0,0;

wi3.0;



115
116
117
118
119
120
1?1
122
1213
124
125
126
127
128
129
1%0
131
132
133
1%s
135
136
127
13
139
140
141
142
143
144
145
146
147
148
1Ly
150
151
152
153
154
155
158
157
158
159
150
141
142
143
154
145
146
147
158
169
170
171
172
173
174
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FAR i1 TO n ON w PLUSAY ad[i1)+daEi1] oOD;
al:zhh/sart{u);
(glolalrms=al);
FOR 11 TO ol1 WMILE p1 DO
ulltr=i1; .
FOR 41 T2 n DO xar(il1de=xk(i1)+aleddlit] oO0;
fatst(var);
Ja:=n,n;
FOR i1 TO n Du ga PLUSAD g(it,xar)eddCil1] 0b:
arintf{{fa2s,al.farqad});
IF {(qaOn'oe<0.0'qa>N.0} OR fa>f0 THEN BI1snFALSE
ELSE alz=2eal
FI
b
1F ul1twull THEN print((newline,"ull Limit"snewline)) I}
allzsgl?
a:=d 0ibseal’
FOR i1 TO wuil2 YMILE ABS(a~b)>erv(ABS{a¢b)/2,0+40.5) DO
ul2te=i1:
printf({tal,asb.f0.fa));
223,00 (f0-fa)/all+g0+qas
wirtsqart(zvz-qlega)’
(gNiplusreud;
Imezatle(t, O-Caatu=2)/iga=q0+24u))+a?
If
FOR 41 YO0 n DO warCi1demxcli1)+tmsaddC41] 0O
qe:=d,0:2
FOR i1 TO n 00 a¢ PLUSAB qlitsxar)edali?] O0;
feimflxar); *
(ado AKD g9c<=0.0) OR (NOT qOp AND qc>%0,0)
THEN
oi=lmigat=geifas=fciallzsp-a
ELSE
a:ala;j0zmge;f0rnfeciallznb=y
£l
on;
IF ul2f=yul2 THEN orint{{newline,"ul2 Lintt"snewline}} ¥I}
(a+p) /2.0

3.1 H

PROC huang=(PROC(REFL IREALIREAL f,

PROCCINT,REFL JREALIREAL g
REFL JREAL x0rum,
REAL err,hh,REF REAL fm)YO0ID:

BEGIN

INT nz=UPS xQ,ul?
C1:n) HEAL vecspsagedelgsdelxsxlsn2.vedsghsvl?
(1:7.1:n) REAL matshohtoeman]
REAL rhosctrcZobtok2sf1.12,al,8.d0ntden??
BOO0L start:=I1RUYE,poul’
oowl i*FALSE;
FORVMAT th1=$(10(+d,20e+2d?x)S,
fh2=Si"A402"4+0, 2det2d, ("CIn"4d, 2de+ 2d5x,"C2u"+d. 2delunsilsy
"K1e"ed, 2detrdSn,"K22"4d, 2detpqds:
FOt 1 TO n DO
FOR i2 TO n DO
Ci1=i2th[§1,92):=1,0!'h(41,i23:20.0)
Jb
an;
1224 {022 1mxn;

17§
176
177
178
179
189
1
192
123
124
1RS
188
1e7
128
189
190
191
192

193

134

© 195

196
197
178
129
270
2m
ang
2n3
2Ny
215
296
217
208
2n9
210
211
212
213
214
215
21%
217
218
219
220
221

222
2?3
224
2?5

22%
227
228
229
230
231

232
233
234
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t1:=¢249,02
Fur i1 Ty n Do qalitdi=q(il.x20902
rhozet Nieleet Nic2:20,0;
xte=1,0:k2:=0,0¢
ul 1=20;
printf((fh2,rhorctsc2,x1,k2));
TO 4L WHILE %ASC#1=¢2)2er«(A8S f141.0e=-20) 0O
flemi2igtmx2;
IF start THEN
FOR 11 TO0 n DO
FOR 12 TO npo
htli1,i2):en(41,72)
an
oDy
start:sFALSE
ZLSE
FOR 11 TO n 02 ghlil1li=q(itsx1)00D}
FOR t1 TO n DO delgCitls=anCi1)-34L41) oOD?
5aizgh;
FOR 11 T2 n bO
s:20,0;
FOR 12 T0 n 0O
s PLUSA9 htli1,12)adelqli2]
no2
vi[i1) =g
oD’
Fur i1 To n DU vecli1d;acingelxl4114c2eviLit] On;
FOR i1 TO n DO ved[t1l:mx1edelxCitl¢+k2+viCi1] 00
s:=1,0;
FOR it TO n DO s PLUSAD veclitladetqli1] 00:
denls=s?
s:20,1;
FOR i1 TO n DO s PLUSAB vea(i1lxdelaf§t1) o0O:
den2imy;
FOR it Tu n DO
st=0,0?
FOR 12 TO n D0 s PLUSAB h([i1,i2)edelali2) OD?
viCi1):=s
on;
FOR 11 T0 n 0O
FOR i2 TG n DO
matCit,i23:edelxli1)vvecl42)
QD
ob:
FOrR i1 T0 n DO
FOR 12 10 n DO
maulil,12)3=vili13nvedli2)
oD
"1 H
FOR {1 TO n DO
FOR 12 10 n nO
hLi1,421 PLUSAB rho*mat(11,92)/dent-nauli1,42)/den2;:
ht(i2+,i1)2=h{i1,i2]
00
ob
FI:
crint{(newline,"X"));
crintf((fnt-x1));
creint{{neuline,"G"));
ceintfl(fhlsagl));



215 print{(newl ine,"H"));

236 FOR i1 TO n 0O

237 printf((fhl.hlils, ])}}

238 ob:

219 FOR 41 TO n DD

240 s:=0,.0;

241 FOR i2 TO n BC s PLUSAS htLi1,i21%qq(412] 0D
242 pli1)a=s

243 ap?

244 orint({newline,"P"));

245 aorintf((fhl,0));

246 JF poul THEN

247 al:=oowell(frosntshheer)

248 ELSE

249 alixdavidon(f,gspsatlohhsrer)

250 Fl:

251 FOR i1 T0 n 50 geiv(i¥):=al+o(i1] 0B

252 FOR 41 TO n DG x2C#1):=xiCt11+detl i1l OD;
253 f2:2f({x2)

254 ops

255 Aamimxg}

256 faznt

257 END;

253

259 x0V3=(=1,2,1.0);

2450 huang(f1,91,x0onats1,De=04,0.1,¢fm):

241 erint{(nevline, "Xe1s", v, spacess0ace,"FA=",fn))
2452 END

253 FINISH

b5
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Huang with Powell quadratic line search,
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FA2+3 0R01743e~- 2 FAu+3 0774891 e=- 2 FA241 ., 0086767e- 3 FB=+1,0086578e~ 3
X : Ax=1_8069452e+ 0 B=-1,.8102758e+ 0
t8.45e= 1 +7.06e~ 1 FA=+1 _ONB&E767e= 3 FB=41,0086542e~ 3
§ Ax1.R069452e+ O Ba-1.8102420e+ 0
+2.86e+ 0 ~1.64e+ D FAZ+1 ,0086767e~ 3 Fem+1,0086545e~ 3
" Az=1_R049452e+ 0 B2=1,8102344e+ O
t1.86e~ 1 +2,.80e- 1 . FAR+Y ONBE7670~ 3 FA=+1,0086565¢~ 3
+2.97e= 1 4,53~ 1 . . 'x .
P +Q,78e= 7 +9_.54e~ 1
=3.00e~ 2 <«5,32¢= 2

G
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{vi) The conjugate gradient method of Powel, already Impiemented in a

micro above is included here In a main frame version.

+8.53e= 1 ~4.590= 1
"

+3.43e~- 1 46,38~ 1

+6,54e= 1 +1,22¢%+ 0

14

=7.53e= 3 -1.63¢= 2 )
AL2=5,5696592e+ & FAR+2 61369840~ 3 GAE=], 1844560~ 3
A=+0,0000000e+ O Ba-5,5695592e+ 0

FA=+%,0086523e~ 3 FO242,6134984e~ 3

A=+0,0000000e+ O A=~ ,8800045e+ 0

FAR+1 ., 00865232~ 1 FA=+8,2425441¢e~ §

An=1_84628B71e+ O B8z~1,.8300045e+ 0

FA=+8, 2357047~ § FAZ+8,26425441e- 5

KMl +9.920582470 ~1 +9.84418723e =1 FM= +8,23575483e -5
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PROGRAM
BEGIN
[1:4)

oowetind

REAL xD,xmin?
€133 REAL x30,x3min’

(1:2) REAL x20-x2min:

£1:10] REAL »100,x10min;
INT fenti=0:

PROC conv=( BOOL bf.bxs REF
BEGIN
1F (bf AND bx) UR (ox AND bx1} uM (of AND bf1) THEN
ELSE
TF bx THEN bx1:= TRUE
ELIF be! THEN bxlss FALSE FI
IF bf THEN bfi:= TRUE
ELIF of1 THEN btt:= FALSE FI :
FALSE .
FI
END

BOOL btt,bx1) BOOL 3

TRUE

PROC poweli={ PROC ¢ REF [ J REAL ) REAL f.,
REF € ) REAL dsxks REAL herers REF REAL fv,f0) REAL
BEGIN ’
REAL xasxbsxcofasrfbafcsddschoweman st su2suldoming
INT ni= UP2 xkerulei?
[1:n] REAL war’
BODL bfasbxarbfbsbxbsnfalzs FALSE sbralis FALSE »
tstaststhsbfblz= FALSEsbxblize FALSES
ul 3=50;
BOOL powouti= TRUE
FORMAT fol=SL®x"Ix3(+d.Bder2d3x} 1, "3 (3c+d,Adetzd)$?
(powout!print{{nevtine,"enter vowell Line search™,neuline)));
max:s ABS o (1)}
FOR 41 FROM 2 TO n DO
IF max< ABS a C417 THEN aesx:= ABS d [11) F1 0D
FOR 31 To n 0v dlt1)e=d Li1d/max vd ¢
xa:20,02

PROC tr=( REAL ex) vOID :
9EGIN

FUR 1 To n 00 xarCitlssxklitYsexedlit)
oD END

trizxa)?
tfatzfixar)?
f0:=fas
xbizxathitrixb)ifbrxfixar};
IF th<fa THEN xc:sxb+thitrixc)ifeceafixar)
ELSE xcsxna~hitrl{ac)ifcixflxar);
Wimgcincienbi oIl NAIEUS
winfcifcintb;fns=fa’farsy
FI 2
TO ul WHILE
(powout'orintf((falrxasnboncsfastbsfc)))}

58

73

20

lqg
100
mm
!02
03
0&
05
EDG
o7
10a
09

10
111

12 -

13
14

bta:= AdS (fa~fp)<erters( ADBS f3+0.5)%10;
baatn ABS (xa=xp)<er*{ ABS xat0,5):
bfbex A3S (fh=fc)<ervert( ADS fp+0,5)4102
bxbix AMS C(xbexc)<ert( ARS nb+0,5)?
tsta:sconviofasbrasbfal,sboxel);
tstbisconvi(bfbsorbenfalsonalld;
NOT tsta AND NOT tstb
0o
BEGIN
witeab=xcivwZi®xc-xarswltvua—xb’
wis{ulrfatu2afpiuldefc’
IF  ABS w<1.De-30 THEN print{(newtines"fail2%,neuline))
ELSE dd:m({xptxc)*ulnfptinctxaltuZafor{vatublaydsic)/ur2. 0 F1 ;
chem{ulafatu2sfotulnfcd/wl/fu2/uls
IF ¢n>0.0
nR
(ch<0.0 AND (dd<xa OR dd>xct) AND
¢ ABS (dd-xal)< AAS (dd-xc¢)! 4BS (dd=uxa)!
THEN
JF fco<fb THEN
xaionblfasnfbinbianeiine=fc?
aczaxbthiter(xc)ifeszfinar)
ELSE
scisxbifcestbiabienal tbisfa’l
naiszb-h;trixa)ifas=f(xar)

ABS (4d=xc))>ha$)

FI
E€LSE :
IF dd>xa AND dd<xb AND ABS (fa=fc)<10+er+( ABS f2+0.5)
THEN 1:=3
ELIF dd>xb AND dd<xc AND ABS (fa=fc)<10%ers( a8S fa:0.5)
THEN {31
ELTF fa>fb AND fa>fc THEN i:®1
ELIF fb>fa AND fb>f¢ THEN {:=2
ELSE 1:=3 FI ;
CASE 1 IN

{(naisdd;tri{na)itasztinar)).
(xbi=gdstri{xh)2fbi=tixar}).
(ucemdditrixc)ifcz=fixar))

ESAC

1F xa>xb THEN wisxa’xaiseblxbi=w}

. wintasfasmfpifbs=u FIL
1F kb>x¢ THEN wi=xbixb:wxc’iwci=w’
wisfbifpsafcifes=u FI

witpainatesabixbhinul
wixfasfarsfpifbtsy FIL

L3

IF xa>xb THEN

FI

END wuD 2
{fistiming=tfa;’

IF win>tb THEN min:=fn;{:=2 FI ¢

1F min>fc THEN $1=3 FI ¢

(powout'print{(nevline,"Leave oowell Lline search®snavline)))i
CASE § IN (tviztfalxade(fvinfbinb)es(fvinfeinc) ESAL

END ¢

PROC npowelbt={ PROC ¢ REF [ 1 REAL ) REAL f, REF C 1 REAL x0sxming
REAL hser) REAL @
BEGIN \
INT naz= UPB x0sulsgemsilpni=0;
REAL lm'nalofioft'f1onvd!lofSoU1puZ:f!0:fl1:lO.DofIZS'D.DrfOdeul:
BOOL st:= TRUE sblspowconsqoz® TRUE »bfrbxsbfii= FALSE sbxlss FALSE
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175 END 0D
176 JF powcon THEK
15 [1:na,1:2na) REAL de: | 177 1F ilp=0 THEN
16 (Dinar1:nal REAL vyi 178 grint((newline,"ilo=0",newlined);
17 L1:na) REAL evk,exkl,exs,atf off.far: 179 afsmexks
18 FORMAY fti1wst{S5(+d,9der20d5x) %, I 180 FOR i1 TO na 0O exkCitl:=exki11+40.04er Qp ;
19 te2=SL"function callsa™4zdSx,"t="+d,9ge+235’ 181 T
120 ul ;=300 182 st:= TRUE
121 cleart{ de): | 183 ELIF ilos! THEN
122 FOR i1 TO na 00 deCi1,4112=1.0 OO ; : 1R4 printtinewiine,"ilp=1",neuline));
123 powcon:s TRUE 7 188 btf:zeaxks;
124 clear( exk1): r 186 FOR i1 TO na 0O exs[itd:sotf{it)~af[i1) Qo0 :
125 exkiwu(’ 187 aezzpowell (froxsrafohoer,falstdun);
126 print({newtinesnewline,"x0a")); ' 188 FOR §1 70 na DO exsCi1):waf{i1d+xmueusCil] 0D
127 printf((ft1,x0)); 189 . IF
128 VHILE ga 00 " 190 blsw TRUE ;
129 BEGIN LA FOR i1 TV na Do
130 TO ut WHILE 192 b11=p1 AND ABS CatCitd=exsCitd<Core{ AQS af(4134n.5)
131 st OR 193 ob:
132 (bx:= TRUE : } 194 FOR it TO na DO
133 FUR i1 Tu na Dy 195 B1350t AND ASS (off{ill-exslitl)cerst ABS off{§1140.5)
134 bx:izox AND ( ABS (exk{ild-exkt{i12)<erstl ABS exkCi1)+0.5)} 196 ao;
135 [+1 197 bl OR ABS xm<er/10
136 bf:w ABS (fal-fa2)<erver«( ABS #22+40.5)+10; 198 THEN goiw FALSE Sxmini=exs
137 NOT convi(bf,brsoflsbx1)) 199 ELSE
138 [-21] 2nQ tlo:=s0istss TRUE ;
139 BEGIN . 2Mm FOR 11 YO na D0 delna.¥1)t=atCitl-exsCil}
140 fali=fa2; 202 0b F1
141 exktime xi? 203 Fi
142 yl0s Jzmexki: 204 ELSE gozs FALSE uminimexk
143 FOR i1 TO na DO : ' 205 FI
Thi BEGIN 206 END 0D
145 xazapowell{todelils Jeylil=1, JonsersfarCitlotaum)? 297 flexk)
146 Citsl ! fDzafdumd? . 208 END ¢
1%? FOR 12 70 na 00 y(it,i2)taylit=1,i2)4xmedeli1,§2) 209
148 00 END OO0 ; M PROC f=( REF [ 1 REAL k) PEAL 3
149 n=]; .MM BEGIN
150 (stifalzmfOistsm FALSE ! M2 REAL £1.¥F2,13,142
151 fs:=far(11; - 213 tent PLUSAD 12
152 fa0:=f0 mansnfsl-fs? 214 t11:80,24x01140,3240x 02140, 12¢x0314N, 204xC61-0.94 ¢ T
153 FOR i1 FROM 2 TO na DO T 218 fz:-0.1tnt1]+n.1Stntzlfl}.?ﬁﬂcfjlﬂi.??il[4]-0.81-'
154 (frisfaifscufarCi1l; 214 f3:20,2ox(1]40.24%x02)40.464xl3140,36%al4]-1.263
1558 IF max<fr~fs TAEN saxisft-fgimsnil F1 ) QO ; . 217 ik=-0.6t1E1]+0.£0t=[23¢0.32*a[3]+0.20*:(&]*1.52:
156 fiemitsit2znts; - 218 fIf1620 24130430 F4nt4
157 detzs(n»1tf0!farCa-11)=farlal; 219 END 3
158 FOR i1 Tu ne Du exsl112:22%ylna,i11-yL0,i1) vb : 270
159 fi1=f(exs)? 221
140 IF ¢3>»=t1 04 T 222 PROC f1=( REF L 1 REAL ) REAL :
161 (ultmf)=f2=detiu2saf1~f3; 223 BEGIN
162 (H1=24€2+13) tulvuld=delruZ e /2) 224 REAL wis(uC21=-x{13I%*xC11)32
163 THEN : - 225 icnt PLUSAR 1
154 exkzeylna, };fa2:=farCnal 224 100%usu+ (1= (1)) (i=x[1])
185 ELSE 127 END
1566 FOR 41 TO na 00 exs{i12:oylna, i1 1-exkiCi1) uo ¢ .28
167 xa:=powell{frexsrylna, dohsersfaZ.tdun); 129 PROC f2( REF L ) REAL x) REAL :
168 FOR 1 70 na 00 exk{i1)z=yCns,i1l+umrexsCil] 00 ; - .30 8EGIN
149 . FOR i1 FROR mt1 TO na 00 deCi1-1, JivdeCit., ] OO 3 l 31 REAL wilsesxC1J¢10%x(2],
170 delna, Jizexs 32 w2t=x[3)=-x[4), .
171 F1 . 3% w3imuf2]=24x(3], '
tre - iprint{(neuline,"exk="))} T4 whimx[1)~xi4];
173 orintt{{ftlrenk));

174 orintf((ft2,icnt,fa2))
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icnt PLUSAD 15
Wity a5 202 tudnuloydngsulnuirybrubell)
END

PROC f3={ REF [ ] REAL x) REAL @
BEGIN

fcnt PLUSAB 17

AC3IenC1 L1 {aC1)=nl2 ) »x 110 x222x (3 2 (xC1]1=xL41)
END ?

PROC fa=( AEF [ J REAL x) REAL :
BEGIN
REAL wlg=ul(2)=1,w2:=xldd~t,uSsenl1)axl1]-x02)subimnll)-N .
witnx(3)=1,wbsonl3)*xE3)~-2C4]2
fent PLUSAD 12
100¢u3rultubrub tuSauS+900ub*ubt10. 170 (ul vut +u28uw2) 4190, Bauli g}
END

PROC f5=( AEF [ 1 REAL x) REAL :
JEGTN
REAL wtiseup(x01))~x{2)su2smx[2)=xl3}swlsxtan{«C3)=-xl4]}
REAL wiiswlswl sv2imsw2su2tu,v3dszulonl, vhsax[1]ex(1]:
fent PLUSAS 17
viswl#+10DawZ2av2iwTavIbvbhybiyhoyi
END

PROC fé=( REF [ 3 wEAL x) REAL 13
SEGIN
REAL rymyqrt(xC1Inxl1]+x{2)¢x(2),5th2
fcnt PLUSAB 12
thi=¢ ABS (x0(1)-x(2])<¢1.0e=-30"
(x((11>0!0.12510,625)
s ABS x[11<1,.0e-30!
(x(131>0¢0,25!N.75)
(e C1)>0,Jarctantx[2)/2C11)22/p14
Tarctanixl(21/x201))/2/0i40.5));
1004 ({xCBT=10%th)a{x[3)=10%th) ¢ {r=10%(r=1))4xL3Tax 3}
END

PRuC f7e( REF [ ) REAL x) REAL :
FEGIN

REAL s,u;}

wisti=xCt];

itnt PLUSAI 13

s:=0,0;

s PLUSAD wiw?

wisl=x(101;

$ PLUSAD wry}

FOrR #1 TO 9 00 CwimxT#134xC#10=-xCi1411:s PLUSAR wéy) OD'

s
END ;

GOTO La?
x0:2(0.0,0,0,0.0,0.0%;
noowell (f,u)pxmin,0.5,1.0e=-3);

LasSKIP?

n20z2=a(=1,2,1,0):
noowelt (f1,020,x2min,0.5-1,0e~03);
GOTOD Lbs

295
296
297
298
299
300
3
3ne
303
304
305
3ne
307
3os
309
310
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x0z2(3,0,~-1.0,0.0,1,0)}
noowe lL{f2,20,xmin,0.5,1.0e~03);
x0:e(0.0,=1.0,-2.0.-3.0)/
noowe LL{f3,x0,xnin,0.5,1.0e=03)7
x0D22(=3.0,=1,0,=3.0,-1,0):
noowell(f&4,t0,xmin,0,5,1,0e=-03)?
x0:2¢1,0.2,.0,2.0,2.0)7
noowel L(fS,xNsxmin,0.5,1.0e=03);
x30:2¢{~1,0,0.0.,0.0):;
noowell(f&,a30,x3min,0.5,1.0e~-03);
ForR 41 To 10 bu x100C31):=-2,.0 ud
npowell(#7,2100,x10min20,5,1.0e=03);
Lbz SKIP ¢
SXIP
END
FINISH
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Powell conjugate gradients,
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+2.99087897e+

earch

search

1

0
1

0
2
0
4
0
g
0
s

62

+0.00000000e+
+2.99087897e+
=-6.0616409%e~
+3,15759724e¢
+0.00000000e+
+2.99087877e+
+0.00000000e+
+2.93087897e+
+1,A8362823e~
+2.,990474R2e+

earch

SNONONO OO

creOOOOONOOQ

+3.294396549e- 1

+6,11712062¢e+
+4,54422168e-
+3.008047114e¢
+4,.564422166e-
+3.00804114 e+
+4,.54422106e-
+3.00804114e+
+3.621055A0e-
+2.99088818e+

+5.00000000e~
+5,54397748e+
+0,00000000e+
+2.,990878%7 e+
+1.53480927 4
+1.23561567 e+
+1.68362873 -
+2,990474R2¢e¢
+2.08537161e~
+2.91092926e+

f242,9109292632+ 0

tearch

1
1
0
0
2
1]
2
0
Q
a
2
0
2
0
2
0
s

+0(.00000000e+
+2.91092926e+
+2.11848645e~
+4.328740602e¢
+0.00000000e+
42.91092926e¢
+0.0000000NCe+
+2.91092926e+
+5,.80227668e~
+2.45085770e+
+5.13745204e~
+2,45017186e+
+6.06363937e~
+2.4501057%e+
+4,06076610e~
+2.45010570e+

earch

search

1
1]
1
0
2
0
2
0
0
0

+0.00000000e+
+2.45010570e+
~6.882856042e~
$2,72516483e+
+0.00000000e+
+2.45010570e¢
+0.0000000Qe+

7 $2.45010570e+

+5.56035195e~
+2.%52064% e+

oNONONONOOOOQO=00

CoNDODCOCQOoONDO

+5.00000000 e~
+9.70903075e+
+5.170000000 e~
+9,.70903075e+
2. 11843645~
+4.328746020+
+7,67535698e=
$2.47845525e+
+7.67535698e~
+2.47845525e¢
+7.67535698e~
+2.47845525 e+
+6.13745204 e~
+2.450171R6 e+
+6.0636%3937 e~
+2.4501N57%e+

+5.00000000e~
+8. 787875414
+0.00000000e+
+2.45010570e+
+2.34231098e~
+3 . 089695724
+5,.56035195¢e~
+2.352064%40+
+7.69331921e~
+2,34934390e+

QorNoONOoONONO

C=SOrPrNOOODC -

QNONONDNONO=SO=O -~

QDN D == Q00 -~

x
f
x
f
L

+5.56035195e~
+2.352064%4 et
+5.56035195e-
+2.35206494 e+

eave powetl Line

enter powell Line

x
t
]
1 |
X
f
x
f
X
t
x
f
|
f
X
f
x
t
]
f
"
t
x
|
L

=5.00000000e=
+2.1198907 e+
+0.00003000e+
+2,34792265e4
+0.00000000e+
+2.34792265 ¢+
+2.3990036%e~
*1.64853521 e+
+2,.39900346%e~
+1.6485352 e+
+2.46688213e~
+1.63223933e¢
*+2,46688213 e~
+1.63223933 e+
+2,43039570e~
+1,.59537873 e+
+3.18181757 e~
4+1.51082325e+
+3,.347846337 ¢~
#1,5034023 14
+3,34786337e-
+1.50340231 e+
+3.36487893e~
+1.50328551 e+

ecave powell Line

exks
=1.,859269924e~ 1
function calls=
enter powell Line

n
f
x
f
x
f
n
t
%
f
x
f
le

=~5.00000000e~
+1,16764808e+
=5.00000000e-
+1,.16764808e+
=1.03230238e-
+1,78217939%e+
=3.00072480e~
+1.44773042e+
=3.00072480e~
+1.44773042e¢
=3.00072480e~
+1.44773042e4

sve pawell Line

enter powell tine

M ok M oon

=5.00000000 e~
+3,56687039e+
=-5.00000000 e~
+3.5668703%e+
=1.96833352¢-

9%

9%

+6.92585442e~
42.34792313e+
+6.7053457 e~
+2.347922465¢¢

earch

+0.00000000e+
+2.34792255e+
+2.46688213e-
+1.43223933e+
+2,399003409e~
+1,.64R853521 e+
+2,466882%3e~
+1.63223933e+
+2.456688213e~
+1,632239%3e+
+2,63039570e~
+1,59537873e+
+2,63039570e~
+1,59537873 e+
+3.18181757e-
+1.51082325e+
+3.34786337e~
+1.5034023 10+
+3.36487893e~
+1.50326551e+
+3.36487893e~
+1.,5032655% e+
+3.3732R993e~
#1,50324373¢+

+3.,452090404e~

QOMNO N

O=0=O=Q-S0=0=0= 0o 0O0=0=00

3

+7.69331921e~
+2.34934330e+
+6,9268544 20
$2,34792313 e+

+5,00000000 e~
+2.473616N3e+
+5,.00000000e~
+2.47361603e4
+2,46689213¢~
+1.632239%3e+
+8,18748124 e~
+2.038957 14 e+
+2.63039570e~
+1.59537873 e+
+4,329428%7 e~
*1,775369631 e+
+3,18181757e-
+1.51082325e+
+3.566649579e~
+1.52365881¢+
+3,66649579e~
+1.52365881 e+
+3,46649579 e~
+1.52365881e4
+3,373299093 e~
+1.50324373e+
+3,.37452140e~
+1.50324310e+

f=241.503243104e+ 0

search

t
1
1
1
1
0
2
0
2
0
2
a
H

+0.00000000e+
+1.50324310e¢
-1,03230238e~
+1,78217939e¢
=~2.12342730e~
+1.45175536e+
~2.12342730e~
+1.45175536e¢
=2.91220977¢-
*1. 447607490+
~2.9187471 13~
+1.44768724et

tarch

search

O - D -

+0.00000000e+
1, 447687240t
~1.96833352¢~
+2.00478968e+
+0.00000000e+

ONONONDNNOD A0O0

(=N =~ F-]

+5.10000000e~
+2.59871361e¢
+0.10000000+
+1.503243100+
+0.00000000 e+
+1,50324310e+
+0.00007000+
+1.50324310e+
=~2.12342730e-
+1.45175536e+
=2,1220N977 e~
+1 447687454

+5.00900000 e~
+1.9258132%e+
+0.00000000e+
1. 44768724 ¢4
+2,06283385e~

oNnNo N

O OOt Ot (D= (Db ) = ) b b b () ik ) b O =
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e M oap M o R ek N e N M A M =

eav

ente

eav

tAE
+3.4
funce

+2.00478968e+
-1.96833352¢e~
+2.00478968e¢
=2.61853931e~
+1.50545710e+
“2.6185393% e~
+1.50545710e+
+0.00000000e+
+1.4470687 24
+1,38672478e~
14240947 8e¢
+1,3584672478¢~
1. 424094780+
+4,51323185¢-
+1,40072313¢+
¢ oowell Line

r powell Line

=5.,00000000 e~
+1.4340G2524 ¢+
+0.000G0000e+
+1,40069240e+
+0.00000000e+
+1.40089240e+
+1,12704355¢~
+1,14385737 e+
+1,.463538214 ¢~
01.1010]6710*
+1.06353587%e~
+1,07208535¢+
+1.86353879¢-
+1.07208535¢+
+1 . 87465613540
+1.07193981e+
+1.9072D0389%e~
+1.07171853 e+
® powett Line

94127500e~- 2
tion callsa

128

97

+1,44760724 et
=2,61053931 ¢~
+1.50545710e+
+0.00000000e+
1. 4476072404+
+0.00N00000e+
+1.447607 240
+1.38672478e~
+1.42489478e+
+4.61298653e~
+1.40069251+
*4.51323185¢~
+1.40072313e+
+4.61296653e~
+1.40069251e+

+0.00000000e+
+1.40069240e+
+1.4353R214e~
+1.10107471e+
+1,12706355¢~
+1.14385737e+
*1.43538214e~
+1.10107671e+
+1.%635387%~
+1.07208535e+
+1 . 87461354e~
+1.07193981e
+1,.876613540~
+1.07193981e¢
+1.90720389e~
+1.07171853++
+1.91398611 e~
+1.07171199e¢

earch

SCNONDNONDODODOODND

Q=D ewD="0S0=20=wD==00

-3,661295120e~ 2

+2,6930445T e+
+0.70000000e+
+1.44760724e+
+2.885078% e~
+4.52601099e+
+1,38672478 e
+1.42489478e+
+6,54431309~
+1.41089220e+
+6.54431330 e~
+1.41089220e+
+4,61296853% e~
+1.40069251e+
+4, 562988634 0
*1,.40069240e+

+5.000000N0 e~
*6.90116227 e+
+5.000000N0e-
+4.90116227 e+
+1.435308214 -
+1.101076 71 e+
+2.39831710e~
+1.11330728e¢
+2.39831710e-
+1.11330788e+
+2.39831710e~
+1.11330788e+
+1.90720389¢~
$1.07171853e+
1.914214 3% e~
+1,07171200e+
+1.914214 %4 ¢~
+1.07171200e+

fR+1,071711987¢+ 0

enter gowell Line search

L]
t
x
f
x
t
f
x
t
x
L {
x
t
x
f

=5.00000000¢~
+3.7097210% ¢+
=5.N00000000~
*3.?097110300
=2.24112786¢~
+2.35071501 ¢+
~2,24112786e~
+2.35071501e+
=%,18654107 e~
+1.1999424 o+
~3.40621141 ¢~
01.00631!91!*
~3.40621140 e~
+1.00631891 ¢+
=3.40621141 -
+1.00631891¢¢

ONDNONOMNO-SO=S0 <0 -

+0.00000000 +
+1.07171139¢+
~2.241127%% ¢~
+2.350715N1e+
+0.00000000e +
+1.07171199e+
“9.13654101e~
+1.1999624 1+
=2.45231837e~
+1.00884676e+
~2.45231837¢~
+1,0088L6760e+
=3.12562202e~
+1,0058799% e+
=3.14095207e~
+1.00587891e+

CNONONONONDODO=DO

+5.00000000 e~
4, 938567260+
+0.0C000000e+
+1.07171199e+
+5.00000000e-
+4,9385867 260+
+0.00000000e+
+1.07171199e+
+0,%0000000e+
+1.0717119F e+
+0.00000000e+
+1,072171199e+
=2.45231837 -
t1,.00884676e+
~3.12562282e~
+1,0058799% e+

ONONONONODNOD=000

O O = Um0 =" 00— -0 =

DNONOOAOA D o 0% ok

leave powell iine

enter powell Lline

=5.00000000e~
+5.04194075e+
=5,00000000e-
+5.04194075e+
=1.24822814e~
+1.25508247 ¢
~7.69952458e~
+1.N0703239¢+
=T .69952458¢~
+1.00703239e+
+0.00000000e+
+1.00587891 ¢+
*4,17823670e=
+2.5924811 1~
+4.1782367 00~
$9,59248111 =

tave podell Line

enter powell Line

=5.00000000e~
+1.8395292%¢+
+0.00000000e+
+9.,51708972¢~
+0,00000000e+
+9.51708972 ¢
+1.57784818e~
*6.19134083 ¢~
+2.980304720~
*5,63945800e~
+2.08030472e~
+5.63945800e~
+2.,40035864e~
+5.48183836e~
+2.43106600e-
+5. 47784656~
+2.43106600e~
+5.47784556¢-

eave powell tine

exk=
+3.15552126b¢~ 1
function calls=
anter powell Line

B ook MmN oap M=k R mp M

=5.00000000e~
+3.02364528¢¢
=5.00000000 e~
+3.02364528e+
=2.24573035e~
+1.8983130% e+
~2.,24573035e~-
+1.89831309e+
=9.01514897 ¢~
+7,35748105¢~
~2.68156761e-

98

Search

+0.00000000e+
+1.005876%1¢+
~1.240822814e~
+1,25508247e+
=7.69952458e-
+1,00703239e+
+0,030000%0e+
+1.0058789%1 e+
+3.00000000e +
+1.00587891e¢+
+4.178236700~
+9.59248111¢~
+6.31081434e~
+9.517089 72~
+6,29589222e~
+9.51712608e~

earch

search

1460

+0.02000000e+
+9.51703972¢~
+2,08030472e~
+35.63945800e~
+1.57784818e~
+6.191340%83 ¢~
+2.08030472e~
+5.63945500e~
+2.40035864e~
+5.48183826¢-
+2.400358640-
+5.481838360~
+2.43106600e=
*5.477846560~
+2.46947924e-
+5.47604B866e~
t2.46912228e-
+5.4760484860~

-ld-dd-ﬂd.aa-nﬂ..q.Adqad.ao

*7.144202851e~ 2

+5.00000000e~
+1.30912125e+
+0.70000000e¢
+1,N05878%91 ¢+
+0.00000000e+
+1.170587891e+
+1,.86082950e~
1344761760
+4.17823670e~
+9.59248111 ¢~
R, 30377843~
+9, 58484788~
+8.30377843e~
+9,58486788¢~
+6.310814 %% e~
+9.51708972¢~

+5.00000000e~
+2.55007187 8+
+5.00000000e-
+2.55007187 4
+2,08030472e-
+5.639458N0e-
+2.96090223 e~
+5.84304139e~
+2,.96090223 ¢~
+5.84304139,-
+2.43106600e-
+5.47784056e-
+2.4786107 e~
+5.47615997 ¢~
+2.47861071 ¢~
+5.47615997 ¢~
+2,46947924 0~
+5.476048660-

f245,4760486635e~ 1

search

NSO =S e -0 -

+0,00000000e+
+5.47604886e-
=2.,24573035¢-
*1,89831309¢+
+0.000000N0e+
+5.47604B660~
=9.01514897e~
+7.35748105e~
“9,36280307e~
+5.23919657«=
=2.36260307e~

0
1
1
0
0
1
2
1
3
1
3

+5.00000000e~
+6.67608261 e+
+0.00000D00 e+
+5,.47604866e~
+5.00000000e-
+4.67608261 et
+0.00000000e+
+5,474048660~
+0.N0003000e+
+5,47604866e~
+0.00N00000 e+

B R TR TN = I o O T . Qg

e i e e e T — U N

[ = RN - T . ROy _ R



1
"
L |
X
f
L

+5.10945305¢~
=2.68156761 e~
+5.10945305e~
-2.68156761 e~
4+5.10945305¢~

eave powell line

enter pouell line

I
f
N
1
n
t
x
t
"
t
%
f
X
f
x
f
L

=5.,0G000000 e~
+4,07213259e¢
=5.00000000e~
+4,0721325%e+
-1.,37512827 e~
+7.15814002e~
~2.,06784420e~
+5,.34799121 e~
“2.06784420e~
+5,34799121e-
+0.00000000e+
+5.10447308e-
+2.2593963%e~
+4,90473285e~
+2.25939639e"
+4.90473285e~

eave powetl line

snter powellt line

2
f
]
t
2
L
]
t
]
f
"
t
X
f
x
f
\

=%.0000000Je~
+1,.59948584e4+
+0,.00000000 e+
+4, 79816083 e~
+0.00000000e+
+4.798146083 e~
+1.302259%6e~
42, A791781 e~
+1,89949207 e~
42.43033165e~
+1,.89949207 e~
+2,43035165e~
+2.11712616e~
+2 ., 356687293 e~
+2.15268010e~
+2.36390170e-

ecave pouell Line

exks
+5.5980427560~ 1
function callss
enter powell Line

PR I I W )

=5,.00000000e~
+1.791640249 e+
=5.00000000e~
+1.79140249e+
~2.31415182¢-
+1.356656177 et
=2.31415182¢~
+1.35666177e+

1
2
1
2
1
]

99

+5,23919657e~
=2,1668474e~
+5,10451987e~
=2.39964935¢=
+5.10447308e~

earch

search

1
0
1
0
1
1
2
1
2
1
0
1
4
1
2
1
$

+0,00000000e+
+5.10447308e~
=1,1751282 7~
+7.15814002e~
~2.06784420e~
+5.34799121e~
+7,00000000e+
+5. 10447308~
+0,000000N0e+
+5,10447308e~
+2.2593963%~
+h 904732085~
+5.02788210e~
+4.7983160%3e~
+5.01321028e~
+4.79822055e=

earch

search

1
1
0
1
o
1
1
1
1
1
1
1
1
1
1
1
]

+0.,00700000e+
+4. 79816003~
+1,89949207 e~
+2.43033165e~
+1,50225996e~
+2.AT791781 e~
+1.89949207 e~
+2.43033165e~
4291712660~
+2,.356B7293e~
+2,11712616e-
+2,36687293e~
+2.152680170e~-
+2.36390170e~
+2.17969820e~
+2.36321753e~

earch

I PREPRr Py

YR TR SR~ Rl - Rl R e = |

+2,927533016e~ 1

+3. 47604866~
~9.,36260307 e~
+5,23919657 e~
~2436686741 e
+5,10451987 e~

+5,00000000e-
+1,27802795e+
+0,00000000e+
+5.10447308e-
+0,.00000000e+
+5,10647308e-
+2.07507072e~
+1.11264345e+
+2.259396%9 ¢~
+4,90473285e~
47, 64644945~
+4  RIS4LS5H6RT e~
T 660449458~
+4,895456435e~
+5.02788210e~
+4.79816083 e~

+5,00000000e~
+2.,59753919e+
+5.00000000e-
+2,59753919e+
+1.89949207 9~
+2.43033145e~
+2.5894387%4 e~
+2.5582%225 e~
+2,.58943874e~
+2.55821225¢e~
+2,15268010e~
+2.36390170e-
+2.18576470e~
+2.36325642e~
+2.18576470e~
+2.36325642e~

t5+42,.363217529e- 1

19

search

1 +0,00000000e +
0 +2.,36321753e~
1 *2.31415102e~
1] +1.35666177e+
1 +0.00000000e+,
0 +2.36321753 e~
1 9. 49773584~
0 t4.452420660=

[=R=E N 2~

1
2
1

+5.00000000e~
+6.05186353 e+
+0.00000000e+
#2,36321753 e~
+5.00000000e~
+4,05186353e+
40,00000000e+
+2.36321753e~

[T T A R

I R P ey N R - I

J e N e - Y-

-t O ok ol ok O =ho-b

x
1
1
f
2
¢
x
t
%
f
L

9. 497735840
+4.45242066e-
~2.40680589e~
+2.,16832848e-
=2.4068058%e~
+2.,16832848e~
=2.,4068058%e~
+2,16832848e-
=1.97481362e¢~
+2.15840045e~

eave powell Line

enter powell Lins

%
f
x
t
x
t
)
t
X
t
x
f
X
f
X
f
X
f
x
f
L

~5.00000000e~
+3. 79487541 ¢4
=5.00000000e~
+3,79487541 e+
=1.3212929%e~
+3.50541890e-
~31.55224763 e~
+2,45675826e~
~3,55224765e=
+2.45675826e-
+0.00000000e+
+2.1585947 1 e~
+1,01160436e-
+2.094B2443e~
+4,03835950e~
+1.99371442e=
+4,03835950e~
+1,99371442e=
+4 06693295~
+1.99355664 e

eave powell Lline

enter powell Lline

x
f
]
{
1
L ]
x
4
X
1
x
t
i

cav

exkw
+7.5
func

=5.90000000e~
+5,46153229¢¢
+0,00000000e+
+1.99292207 e~
+0.00000000e+
+1.99292207 e~
+1,.45912912e~
+1.02846461 e~
+1.97053995e~
B, 74742595~
+2,2386491T e~
+R.47239280 ¢~
¢ poweil Line

0609070%e= ¢

tion callss 223

W Y ek P = R N =Y

100

+0.00000000e+
+2.36321753e~
+0.00000000e +
+2.36321753e~
=1.91922440e~
+2.1586961%e-
=1.97481362e~
+2,15860045e~
=1.96432970e~
+2.1585%71e-

earch

»
-
-
-
“
E

PR Y TN TRy Tl VR - N T T N - -~

+0.00000000e+
+2,158594 71 e~
~1.312129299¢-
+3.50541890e~
~3.55224763e~
4245675826~
+N.00000000e +
+2.15859471e~
+0.000000N0e +
+2.1585947 e~
+1.011604346e~
+2,096482443e~
+4,03835950e-
+1,99371442e~
+4,06693295e~
+1.99355654e~
+4.06693295e~
+1,.993556540~
+4,275312606e-
+1.99293412e~

earch

search

1
g
0
1
0
1
1
1
1
2
1
2
H

+0.70000000e+
+1.99292207e-
+1,97053995¢-
48, 747425958~
+1.45912912e~
+1.02846461¢~
+1,97053995e~
+8. 74742575~
+2.23864917e~
+8,47239289¢~
+2.242091R858e~
+8.47198050e-

earch

bl B Il U = el |

- A et P b P et N =R ) mk () by b =k

IR S P

+5.484059900e~ 1

+9.31850250e~
+2.61463955e~
+9.31850250e~
+2,614639558~
+0.00000000e+
+2.36321753 ¢~
=1.91922460e~
+2.15869619e~
=1.91922460e=
+2,158469610e=

+5.70000000e~
1. 18188008 ¢+
+0.00000000e+
+2.1585947 e-
+0,7900000N0e+
+2.15859471 e~
+2.07538301 e~
+8,01082402e~
+1.01160436e~
+2.0N9482443e~
+7,3892789%e~
+2.,113271 13~
+7.3892789% e~
+2.11327113 e~
+7.38927890e~
4211327113~
+4,2753124be-
+1.99293412¢~
+4,.31109597 e~
+1.99292207 e~

+5.00000000 e~
+8.22515778 e~
+5.00000000e
+8,22515778e~
+1,97053995¢e~
8, 74742595e~
+2.53658473 e~
+8. 7958567 he~
42.53458473 e~
+8,79586674 8~
+2.53658473 e~
+3.79586674 e

f2+8.47193D0505e~ 2

enter powelt Line search

1 3
f
X

=~5.00000000e-
+6,67618647 e~
~=5.00000000e-

1
1
1

+0.00000000e+ O

+8.47198050e~

2

-2.4095170%e= 1

+5.00000000e~-
+3.17122633 e+
+0.000000N0e+

- Py b P b B iak P mh ) ek bk D k(D) b s N NP Ty T )

[N VR N N e Y



f
X
1
x
t
X
f
x
f
x
f
X
t
L}
t
t

+5,6761864T e~
=2.4095170%e~
+7.35130638e-
=2.40951709 e~
+7.35130638e~
=1,05313254e~
+2.59605512¢-
=1.05313254¢~
+2,59605512e~
«2,8488980% e~
*T.73461452e~
=2.84889801 e~
+7.73461452=
=1,94241130e~
+7.3724743% e~

eave powelt line

enter powell Line

x
f
x
t
"
f
x
t
*
t
A
f
x
f
N
f
)

=5.00000000e~
+1.35150450e+
~%.00000000 e~
+1.35159650e¢
~1.18687183 e~
+1,2671325%¢~
“1,89046040e-
+8,0100675% e~
“1.890446040e~
+8.0100675 e~
+0.90000000e+
+7.36294026e~
+3,29849702e~
+6.60147583 8~
+5.13114464 e~
+6.646301536e~

edve powell Line

enter powell line

X
f
u
t
)
t
1
t
X
1 {
%
f
x
§

=5.00000000 e~
+2.39633574e+
+0,.00000000e+
+6.46298230e~
+0.00000000¢¢
+6.46298230e~
+1.68193504e-
+1 . 87468044 e~
+2.,17651661 ¢
+1.36673381 e~
+2.176516619=
+1.366733817e-
*2.43456158¢-
+1.28169731 e~

eave powell Line

tAKE

*9.1403467955¢e~ 1
function callse=
enter poweldl tine search

1
1
1
1
1
1
1
1
1
2
2
2
4
2
2
]

101

+7,.35130638e~
+0.00000000e +
+R,47198050e~
=1.053132540=
+2.59605512¢~
+0.00000000e+
+8.47198050e-
=2.84889801 ¢~
+7.73461452e~
=1.94241130¢~
*7.37247430 e~
=1.94241130¢-
+7.37247439e~
=1.80628616¢~
+7.30331148e~

earch

search

1
o
1
0

1
L
2
2
2
e
0
2
2
2
2
2
H

254

+0.00000090e+
+7.362940260~
=1.186871083e~
+1.2671325%-
=1.89045040e~
+8.0100675 e~
+0,.00000000e+
+7.362940260~
+(.00000000e+
+7,36294026e~
+3,29869702e~
+6.601475083e~
+5.13114454e~
+6.463015%6e~
+5.13673886e~
+8.46298230e~

earch

+0.00000000e+
+6. 406298230~
+2.17651661¢~
*1,366733%0e~
*1,.68193504 8-
1. 87486804840~
+2.17651651¢~
+1.356673381¢-
+2,45228229e~
*1,28173217e~
+2.43656158e~
+1.28169731¢~
+2.443492280~
+1,.28163257¢~

NNARMMBMAMNDONONDNRN= =S NN = =Ny D=
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+8.280966803e~- 1

+B8,4719R050 e~
+5,N0000000 e~
+3,.17122633 e+
+0.00000000e+
+8 . 47198050 e~
+5,57677252e~
+3.00737731e~
+0.00000000e+
+8,47198050e~
+0.0000N000e+
+8,4719R050e~
=1.80628616e~
+7.36331148e~
=1.76871512e~
+7.36294026e-

+5.00000000e~
+3.66177946e¢
+0,90008000e+
+7.346294026e-
+0.00000000e+
+7.362940260-
+1.53281810e~
#1.,27601361e-
+3,29863702e~
+5 460147583~
+7,02214288¢-
+6,.608702R0e~
+7.022142R88~
+6.408702480e~
+7,02214208 ¢~
+6,60870280e~

+5.00000000e~
+2.25952851 e~
+5,.00000000e=
+2,.259526857 e~
+2.17651661e-
+1.3647330 ¢~
+2.58630287 e~
+1.30970854e-
+2,.586302R7 e~
+1.30970854 e~
+2.45228229¢~
+1.28173217 ¢~
+2.45228229 e~
+1.28173217 -

fa41,.281632669e~ 2
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L {
x
t
x
t
X
f
x
i ]
2
L |
x
t
x
f
"
{
L

x
t
x
t
x
f
x
t
n
t
L]
1
x
t
%
f
x
t
[}

~5.00000000e~
+3,37269433 e~
~5.00000000e-
+3,37269433¢-
~2.15522849¢~
*2.84631474 0~
=2.3552284%e~
*2,94631474 e~
=9.85948816e~
+7.90189700e~
=2.22981982¢~
+1.03510169¢-
~2.22081982¢~
+*1.05510169e~
-2.22981982¢~
+1.05510169 ¢~
=1 .49989856e~
+9.85035126e~

eave powell Line

enter powell line

=5 ,00000000¢~
+5,09385596e~
=5,00000000e~
+5 . 09345595 e~
=1,15098807 ¢~
+2.69988521 -
“2.38172642¢~
+1.24038020e~
+0.00002000e+
+9,85002192e~
+3.26896878e~
+7 . B8204267 e~
+3.,26896878e~
+7.88204267 e~
+5.65431495¢~
+7.30377019¢~
+4,05821623e~
+7.76306883¢~

tave powell Line

enter pouetl Lline

X
¢
X
1 {
]
t
X
f
x
f
3
t
L

exk=

=5.00000000e~-
+1.22472870e+
+0.00000000e+
+7.75910454 8-
+0.00000000e+
+7.75910454 e~
+1.2582776%~
+1.83637931 e~
+1.2582776%e~
+1.8363793 e~
+1,2582776%e~
+1.83637951e-

eave posell Line

+P.981674552e~ 1

lo2

+0,000000Nn0e+
+1.28163247e~
=2.35522849e~
+2.94631474e~
+0.00000000e+
+1.,281632567e~
“9.85948816e~
+7.901897N0e~
+0.00000000e+
+1.28163257-
+0,00000000e+
+1.28163257e~
=1.44612306e-
+9. 851870240~
=1.49989856¢~
+9.85035126e-
=1.48421148e~
+9.85002192¢~

search

1
1
1
1
1
2
2
2
0
3
2
3

2
3
2
3
2
3
s

+0.00000000e+
+9,85002192¢e~
=1.15098807¢~
+2.69988521¢~
=2.38172442e~
+1.24034020e~
+0,00000000e+
+9.85002192¢~
+3.26896878e~
+7.88204247e~
+3,65431495e~
+7.80377019e~
*3.65431495¢~
+7.80377019¢~
+4.05821623e-
+7.76306883%e~
+4,22944913e-
+7,75950454e~

earch

search

1
0
g
3
0
3

1
L)
1
&
1
4
s

+0.00000000e+
+7,759104540~
+2.12437024e-
+1.12650226e~
+1,2582776%e~
+1.83637931e-~
+1.52866887e~
+1.55426729e~
+1.41935393e~
+1.3151428%e~
+1.41921066e-
+1.31511639¢~

earch

+9.974703193e-

WNWNWNNONORNAMNND -0

el Pk Ll P L P PR W DN N e D

Lol Al N X R -]

+5.90000000 e~
+1,089405% e+
+0.000000N0e+
+1.28163267e~
+5.00000000e~
+1.089405% e+
+0,00000000e+
*1.,28163267 ¢~
+3.082512049¢~
+5,22225159e-
+3.8251204%9e~
+5.22225159¢~
+0,00000000e+
+1.281832487 ¢~
=t 44612308~
+0, 85187024 -
1. 44612306e~
+9.85187024 ¢~

+5.,00000000e-
t1.36174 7190+
+0,00000000e+
+9,.85002192e~
+0,nN0000000e+
+R R5002192e~
+1,05223873e~
+1, 48895771 e~
+1.0522387 3¢~
+1, 48895771 &~
+1.05223873e~
1, 48895771 ¢~
+4,05821623e~
+7.76306803,-
4424478976
+7.7597141 15~
+4,2447897 60~
+7.75914118¢~

+5.00000000e-
+1.0661148%¢-
+5.00000000¢~
+1.0661148¢~
+2.12437024 0~
+1.126502260e~
+2,12437024 e~
+1,12650226e~
+1.52866887 e~
+1,55626729%e~
+1,41935393e-
+1.31514289¢~

WA M W P Pk Pk O OO - WP AN O NN A R D = md B (D = s

L ol 7 T P I A i S Y



function callss 245

103

f241.3151146388e- &

enter powett Line search

=5,00000000e~ 1
+8.85262793e- 2
=-5.00000000e= 1
+8.65242793e= 2
=2.35480607e~ 1
2
1
4

L

+6.5256969) e~
~2.35480607 e~
+6.5256969 e~
«1.00941089¢= 1
$2,46044393e~ 2
=1.00941089¢~- 1
4240044393 e- 2
=3.62028768e- 2
+5,03345806e~ 3
+0,00000000e+ 0
+1.3151163%e~ &
+5.27715206e~ 3
+7.51596616e- &
+6.13143534e- 3
+4 ,03085960e~ &
eave povell {ine 3

ok B o M o M ok M ook I =k M ew =k N o

+1.00000000e+
+1.3151163%e~
=2.35480607¢~
+6,5256969 10~
+0.00000000e+
+1,31511639¢~
~1.00941089%e~
+2.46044393e~
+0.00000000e+
+1.3151163%¢~
=3.62028768e~
+5.03345806e~
+0.00000000e+
+1.3151163%e~

- 45,27715206e~-

+7.5159441 480~
+6,131435%%4¢e~
+4,03085950e~
$6.2979941 7=
+3.902411 728~

earch

enter powtll lLine gsearch

x =5.00000000e- 1 +0.00000000e+
f +4.7008360%e~ 1 +3.90241172e~
] +0,00000000e+ O +1,59767228e~
f +3.90241172e~ o +9,639463557e-
X +0.00000000e+ O +6.28269126e~
f +3.90241172e~ 6 +2.54916858e=
X ~3.93726176e~ 3 +0.000000NCe+
f 42.37243130e~ 7 +3.90241172e~
i ~3.93726176e- 3 -3.86725285e~
f #2.37243130e~ 7 $2.35405960e~
leave powell tine search

enter cowell Line search

| «5.00000000e~
t +9.91243824 ¢~
L =5.00000000 e~
t +9,.91243824 ¢~
[ ] =2, 13797312~
f +5,.38525552¢~
I =2.13797312¢=
L { +5,38525552¢~
x =7 .4696584b e~
t +9.51688065e~
L ~3.09966182¢~
f +2.09657945¢e~
L] -3.09986182¢~
t +2.09657945 e~
Leave powelt Line

LI RV RPN N VI A R Rrr s S gy

exks
+9.990265447e~ 1
function calls=s 394

+0.00000000e+
+2.,35405950e~
=2.1379731 2~
+5.38525552¢~
+0.00000000e+
+2.35405960e=
=7.46965846e~
+9.816860655e-
+0,00000000e +
+2.35405960e~
+N,.00000000e+
+2.35405960e~
=1.896232268e~
+3.261240810e~

earch

GLUPUWRWIErCSWNITON S, N =D
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N D O NNy e kg O

+9.999010563e~- 1

+5.00000000e~
+2.88B888773e+
+0.000000D00e+
+1.315114639¢~
+5.,00000000e-
+2.88088773e+
+0,00000000e+
+1.3151163%e~
+4,.2758132%e~
+1,81853561 e+
+0.00000000e+
+1.3151161%9¢e~
+2.28423243 e~
+9. 44340980~
+2.2B42324 30~
+9_ 44340980~
42.28423243 e
+9.443409R0 e~
+2.28423243¢=
+9.44340980e~

+5.n0000000e=
+4.1360999%4e~
+5.0000N000e~
+4,1360999%6 e~
+1.59767228 e~
+9.563963557 e~
+6,28269126e~
+2.549168458 e~
+0.00000000e+
+3.90241172e-

+5.00000000e-
+1.,26989499e+
+0.00000000e+
+2.35405960e-
+5,00000000 e~
+1.2698949%e+
+0.0000000Ce+
+2,35405960e-
+3.53676677 e~
+2.7632299 1 e~
+3.53676677e~
+2,76322991e-
+0.000000N0e+
+2.35405960e~

1242,3540595%4e= 7

CNONNNN NG - O - -
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OV A= ol —a

enter powell Ltine

4
t
]
f
X
1
X
1 {
t

-5.00000000e~
+4,83619973 e~
+0,.00000000e+
42.35405960¢e~
+0,00000000e+
+2.35405960e~
~4.04605671 e~
+2.36125183 e~

ecave powell Line

enter powelt Line

1
f
1
f
1
1
"
t
x
f
x
f
x
t
L

=5.00000000e-
+9,91243824 ¢~
=-5.00000000e~
+9,.91243824 e~
=2.13797312e~
+5,.38525552¢e~
=2, 13797312~
+5,38525552¢-
=7 469658460~
+9 618856065~
=3.09966182¢e~
+2.09657945e~
~3.09966182¢-
+2.09857945 e~

eave oowell Lline

enks
+9.99926544 e~ 1
function calls=
ilo=0

enter powell Line

X
1
X
f
X
t
X
f
x
¢
L

=5.00000000e~
7. 94775955~
=5.00000000e~
7. 94775955e-
=9.2022431 e~
+1.64786700e~
=~9.20224311 ¢~
+1.64786700e~
~5.R6011873 e~
+1.863547570e-

eave powell Line

enter powell Lline

Wk =h M X =

~5.00000000~
th,46816502e-
=5.00000000e~
+4,46816802e~
=2.41257107 e~
+1.81085320e"
=1.17528150e~
+9.7593133 e~
=1.17528150e~

104

search

1
1
0
7
0
14
5
4
s

+0.00000000e+
+2.354059460e~
+2.313472240~
+1.30852786e~
+3.87987546e~
+2.41686457e~
+0.00000000e+
+2.,35405960e-

earch

search

1
1
1
1
1
1
1
1
2
2
3
&
3
IS

330

+0.00000000e+
+2.35405940e~
=2.13797312e~
+5,38525552e~
+0,.00000090e +
+2.35405950e~
=7 469658460~
+2.61686055e~
+0.00000000e+
+2,354059450e~
+0.00N00000e +
+2.35405960e~
~1.89623226e~
+3,261240% e~

earch

~N SV D

NMNONONNND =—-wD

+9,999010553e~ 1

+5.00000000e~
+4,01694041 ¢~
+5.0000N020 e~
+4,01694041 0~
+2.31347224 ¢~
+1.308527R6e~
+9.87987546e~
+2.41686457e-

+5,00000000e~
+1.26989499 ¢4
+0,00000000e+
+2.35405960e~
+5.00000000e~
+1,2698949% e+
4+0.00000000=+
42.35405960e~
+3.536764877 ¢~
+2.76%22991 -
+3.53676677 e~
+2.76322991 8-
+0.00000000e+
+2.35405960e~

fut2,354059596e~ 7

search

1
1
1
1
2
1
2
1
2
1
)

+0.,00000000e+
+1,742023946e~
-9.,20224311 e~
+1.64736770e~
=8, 15471774~
+1,.63657073e~
~8,86011873¢~
+1.83547570e~
~6.8530R622e~
+1,63547499¢~

earch

search

- b b b kb b

+0,.040000000e+
+1,6354749%e~
=2.41257107e~
+1,81085320e~
=~$.01585212e~
+45.5958994 e~
~1.01585212¢~
+4.59589949e~
=1.01585212e~

L L L . ' -

b g b Gl sah b =b D)

+5,00000000e~
+1,51774806e+
+0.00000000e+
+1,742023% e~
+0.100000000e+
+1.742023% e~
=8, 154717740~
41.63657073 e~
=5, 15471774 e~
+1.63657073 e~

+5,00000000e~
+1.60B8025Thet
+0.00000000e+
+1.63547499 e~
+0.00000000e+
+1,.8354T749%e~
+0,00000000e+
+1.6354749%e~
=9.947936 240~
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t
X
f
]
f
L

+9.75931331 e~
-1.01585212e-
45958994 % e~
~9.94793624 e~
+4.37712990 e~

eave ooweil Line

enter powell Lling

X
t
[
t
%
t
x
f
X
1
X
t
x
t
X
t
x
f
1
f
1

~5.00000000e~
+3.45556B441 0+
+0,00000000e+
*4,26383701 ¢~
=5,00000000e~
+3.6550844 e+
+0.0000000Qe+*
+4,26383701¢-
~3,23779125e~
+1,03156528e+
+0.00000000e+
+4,2638370 e~
=1.,79814217 ¢~
+4,93130425¢~
=1.79814217 e~
+4,93130425 e~
=1.79814217 e~
+4,93130425¢e~
=1.79814217 ¢~
+4.93130425e~

eave powell Line

exks
+9.388300776e~ 1
function callss
enter powell line search

X
1
]
f
x
f
I
f
X
t
x
f
L

~$.00000000e
+1.04568392¢+
+0.00000000e+
+4.18783945e~
+0,00000000 ¢+
+4 18783945~
+1.0653853%¢~
+5.79419873 ¢~
+1.06538539¢~
5. 79419873~
+1.11641454e~
+5,75656384e~

eave powell Line

enter povwell Line

b N N )

=5.00000000e~
+5,04930240e+
+0.,00000000e+
+5.75656384e-
=3.00000000e-
+5.04930240e+
+0.,00000000e+
+5.756563840~

105

3 +4.59589949¢~ 3 +4.37712990e~
1 9. 947934248~ 2 -9.42705072 e~
3 +4.37712990e~ 3 +4.26481874e~
2 =9,485247629e~ 2 -9.62705072e~
3 +4,26383701e= 3 *4,266481874e~
search
search
1 +0,00000000e+ 0 +5.00000000 e~
Q +4,256383701¢~ 3 +1.55903568 e
0 +2.3006345%9e~ 1 +5.00000000e~
3 7. 87594578~ 2 +1.55903568¢e~
1 +0.00000000e+ O +2.3006345% ¢~
0 +4.2638370%e- 3 +7.87594598 ¢~
[v] +9.95335700e~- 2 +2,.3006345% e~
3 +3.16997436e~ ¢ 7 AT59459B e~
1 +0.000000%0e+ O +9,.95335700e~
0 +4,25638370te~ 3 +3.16997436e~
a 43284867250~ 2 +9,95335700 e~
3 +8,86217493e~ 1} +3,.16997436e~
2 +0.000000%0e+ O +3,28484725e~
3 +4.26383701e- 3 +8,86217493 ¢~
2 =3.66392514e~ 3 +0, 000000008+
3 +4.19032871e~ 3 4, 263R570 e~
2 =4 ,343%63802e~ 3 ~3.86392516e~
3 +4,18789859¢e= 3 +4,19032871 o~
2 ~h,84540963e- 3 =4.54363802ev
3 +4,18783945¢~ 3 e 18789350~
search
+8,792898506e- 1
3159 fRed 1878394550~ 3
1 +0.000000N0e+ O  +5,00000000¢~
0 +h,18783945e~ 3 +1.,2579760 e~
0 *1.97721971e=- 1 +5,00000000 e~
3 +1.61424016e- 3 +1,25797601 e~
0 +1.0653853%e- 1 +1.9772197 1 0=
3 +5.,79419873e- & +1.61424016e-
1 #1.27318423e~ 1 +1.97721971e-
4 +56,1021406%e- & +1,.861424016e~
1 +1.115414540~ 1 +1.27318423¢-
) +5.75656384e~ & +6.10214069 e~
1 +1,11694T74%e- 1 +1.27318423 e~
4 +5.75656602e= 4 +5.10214069 ¢~
search.
search
1 +0.00000000e+ 0 +5.0000000N0 e~
0 +5.75656384e~ & +1,87534308¢e~
1] +2.32145727e= 1 +5,00000000e~
4 +1.,70365378e~ ¢ +1.87534308e~
1 +0.20000000e+ 0 +2,32145727e-
0 +5.75456384e~ & +1,78365378e-
o +9.02650368e- 2 +2,32145727 -
4 +5.15296166e~ 2 +1.78365378 ¢~

AL L TRV N NV ]

A ok e mh ) mh  mh el ol ol b
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x
f
%
f
z
L {
]
f
i

=1.53740527 e~
+2.17425875e~
+0.00000000e+
+5,75656384e~
=1.50994412¢~
+2,.57923024 ¢~
=1.50994412¢~
+2.57923024 e~
=9.13278281 ¢~
+1,32243305e~

cave povwell Line

exks
+1.000032827¢+ 0
function callse
enter powell Line search

X
f
"
f
x
f
x
f
L

=5.00000000¢~
+4.83524088e
+0.00000000e+
+1.32243305¢~
+0.00000000e+
+1.32243305e-
=1.18256%44e~
+1.218807504~

eave pouwell line

enter powell line

E
1
]
t
x

t
x
f
x
f
X
f
L]
f
n
f
L

| eak=

+9.9

" func

tip=

=5.00000000e~
+5.31960803 e+
+0.00000000e+
+1.21880750e~
=5.00000000e-
+5.31960803 0+
+0.00000000e+
+1.21880750e~
=9.47989002e~
+8.25353647 e~
+0.00000000e+
+1.21380750e~-
“2,11103048e=
+3.20099889¢=
+0.00000000e+
+1.21880750e~

eave powell Line

997408469~ 1

tion callss 39§

1
1
¢
4

2
&
2
4
3
9
L]

379

1
1
0
9
0

9
4
9
|
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+0.00N0000%0e+
+5.75456384e~
+1.02615716e-
+2,52122253%e~
+0,00000000e+
+5.,75656384e~
=F.132782%1 ¢~
+1,32243305¢~
=5.04481134e~
+4,54707538¢~

earch

+1.0000640%0e+ 0

+9,026503566e-
+5,.15296166¢~
+9,028503466e-
+5.15296166e-
+1.02615716e~
+2.5212224%¢~
+0.00000000e+
+5.75656304e~
+0,00000000e+
+5,756563840~

fo41,322433052¢~ 9

+0.00000000e+
+1,32243305¢~
+2,27260850e=
+1.2820873% e~
+9.68073448e~
+2,35880098e~
+0.0000000Ce+
+1,32243305¢-

earch

search

1
0
0
9
1
0
]
9
2
2
0
9
3

5
0
¢
s

+0.00000000e+
+1.,21880750e~
+2,32638927¢~
*1.71812737~
+0.00000000¢ +
+1.21880750e~
+9.2541404 e~
+4.565684735e~
+0.00000000e+
+1.21880750e-
+1.2384234 1~
+1.04884520e~
+0.00000000¢+
+1.21880750e~
+4.50175580¢~
+1.16164279¢~

earch

0
9
2
&
3
$
0
9

VMO QUWNOONNNOYD —==OO

+9.99945834 3¢~ 1

+5.00000000e~
+4.02941100e~
+5.00000000e~
+4.02941100e~
+2,27260850e~
+1.28208731e-
+9,68073448e-
+2,35880098 ¢~

+5.00000000 e~
+1.91352373,-
+5.00000000e~
+1.91352373,~
+2.32638927 ¢~
+1 71812737~
+2,32638927 -
+H1.71812737¢~
+9,2541404 e~
4, 566084735~
+9.2541404 0~
4, 56684735~
+1.238423400~
+1.048845200~
+1,23842341 ¢~
+1.04884520¢~

fa+1,218807499e~ 9

PR L

M P ah d s QO WhRNNNRND N

A G P A A ot e b ol b md b b



enter powell Lline

=5.00000000e~
+8.03649536e+
=5.00000000 e~
+8.03869536e+
~1.91731684e~
+2.79697224 0+
=1.91731684e~
+2.79697224 e+
=8.26012017 e~
+6,.5673897 4 e~
=1.97195585¢e~
+4,58036338e~
=1.,97195585e~
+4,58036338e~

mave nouel!_!ine

[P ——
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search

+0.00000000e+
+2,35405960e~
=1.91731684e~
42.79697224 et
+0.00000000e+
+2.35405960e~
=8.26012017e-
4+6.567389%% e~
+0.00000000e ¢
+2.35405940e~
+0.00000000e +
+2.35405950e~
+0.00000000e+
+2.35405960e~

NONONOGN OO a~ND

+5.00000000e~-
+6.09261265e+
+0,00000000e+
+2.35405960e~
+1.41782658e+
+1.2381846%7 e+
+0.00000000e+
+2.35405940e~
+2.40629022¢e-
+6.81209192e-
+2.40629022e~
+6.81209192¢e~
+6,28247115e~
+2,2899794%9e~

NN ANNND 4O O .-

108

The next method lllustrates the use of non-accuraie line searches
and Is an Implementation of Dixonl13! 7o vary the thems to more

recent research a rational line search Is used.
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55
56
1 PROGRAM dixon ;;
? BEGIN 59
3 €1:2] REAL x: 89
&
5  PROC t1=(REFC INEAL x)REAL: :;
6 BEGIN o3
7 REAL weex[1)#xC11=-x021;
3 100D %uret(1=-2011)% (1=xL1 D) f;
g END; ce
1
11 PROC gI=CINT §,REFC JREAL xIREAL: :;
12 AQEGIN 49
13 CASE 1 IN 4
14 400.0+x 1% Cxi1]#xC11=¢(21)=2,0%¢1.0-xC11), 4
15 “2N0.0+Cel1]+xl1)=x[2)) :
15 ESAL 7§
17 END; o4
13 re
19 PHOC awax1=(REAL pts02,pts04sDS5)REAL:
20 REGIN ;;
21 REAL am:=p1? 78
22 (p2>arlaminy2); }9
23 {o3>am'am:=3); e
24 {péramtamzupt}; 0
25 (oSramlam:=ps); :1
26 am 2
27 END; a3
25 4
29 PROC orders(EFC JREAL x,p) VOID : 3
30 BEGIN .
31 INT n:=yPs x,j: ?
312 WEAL minsw? "8
33 FOR i1 TO n=1 DO :9
14 jizitimingaxly1; v
15 FOR 42 FROM j+1 FO n DO 9
16 (xCi2)<mintminges(i2]5jsei2) g§
17 no:
Ty /=il wsma i1 inCjlemeli13:aCitlsans :‘
39 wizoliliof)):epCi1ds00i1]smu) 33
0 on 5
41 END: 97
2 03
43 PROC applines(PROCCREFL IREALIREAL f.REFC IREAL oosx(, | 79
64 ReAL nO.er.nEF REAL fv)HEAL: 1o
L5 SEGIN \ 101
L6 RedL p1,0p1+02,002+03+003,04,0044,05.005,06,006s07rD7dmimsmars 108
47 minsgdastealebloclrolretonhoarssniues Indaesat snagoinny o 103
8 [ LT T Y- 1. PLYITH 104
49 REAL scale; 103
L REAL hy=hQ: 136
51 INT nz=yPB xN,iterati=0sfsizemaniteqgacnts 1nz
52 C1:nIREAL war: 108
3 BUOL initon:®TRUE,cons=FALSE,fsat soTRUE-minfal(snFAGSE 109
54 900L singsbflat,1q0nscutset; ::?
- 112
113
114

110

outseti=sTRUE:
maxiti=tl;

REAL fN;

C1:nlREAL 4

1:=po;

{1:5.1:5) REAL a2

£1:5] REAL Deyoxspns

FORMAT fri=si™Initial amin="+3 Tde+247x,

"3t point gogs™ed.7de+ 245,
frenes®x[("zds"]x"va, 7detz47 ¢,

"ol®2d,"1=%vg,. Tdet2ds,
fr3asi™itss™3zaS5x,"aina™+d, Pdetzd7x, "nax ed, Tde+ 148,
tr5asi™atn"eg, Gdetzdin, "u1e"+d,4de+2035."c12%+a, hddetzdl,

“cla™td, bdetzaln, el x"sd,. baetz g%,
froesi™alued, brdetzde, Yola" 4o . bdev2dSus"c1 240, 4eigt a3 ns
“el=#"+4, 4detras,
fe7ss(™ats™ +d,. 4de+za3x,"01="s+d  boe+2dTn,"cl=e"+d, ke tzds,
frasei"sains®+q, Tdet 217, "ane"+d, 730 425%;
navi® AHS npl1);
FOR §1 FROM 2 TO n 50 (sax< A4S opCil)iman3=ABS oofitl) np:
FuR 11 Tu n Dy alitlespali1)/max un;
scaleszman’

PROC (r=s(REAL ox) VQIH:
REGIN

FOR 41 T0 n DO xarlitlzsx0Lt12+ex+dCi1] 0D
END:

PRUC initsvulo:

BEGIN
initonssFALSE:
tri(atdioots=fixar);
(fOser!fO:appl;f0setsnFALSE);
02222142, 0¢h;
tr{n2)ipo? st lasr);}
IF o031<0p?2 THEN

031z01=2,0¢n;

tr(p3)ipod:satixar}?

TF pn3<onl THEN
ph:=pli=4,0%h;
trio4)iopbistlunar):

IF pp4<pol THEN
05:=pé=8,0%h;
tr{oS)ionS:=2finar);

IF opS5<oo4 THEN
o?:=(04+05)/2.0;
tri{o?)ioco?istinnr);
IF np5>=pp? THEN

obi=(a1+02)72,.0;
tri{noS)ipobi=finar):?
IF ovob>aapl THEN
initon:=TRUE;
pl1 MINUSAR 25_0+«h
Fl
Fl

FI

ELSE
o5:=p442,0%n;
te(aS5)iopSisfi{xar)

Fr
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16
17
113
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
117
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
154
159
160
161
142
145
1454
145
146
1467
158
159
170
171
172
173
174
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ELSE

nhixpgl+h;

tr{otk);pobs=t{xar);

IF no4<opl THEN
oS5¢201-h/2.07
trlo5)ipoSt=t(xar)

ELSE
nSi#pnl+n;
trip5);o005:=t(xar}

Fl

FI

tLSE
o3s=p2+2,.0%h?
tr{p3);oodi=fixar):
1F poZ<=gad THEN

ghispl-h;

triod);cobexfixar);

IF 203<202 THEN
ois=pb+th/2.07
tr{o%)spoS:xf(xar)

ELSE
oS:=a2=n;
tr{oS)’on5:sfi{xar)

FI

ELSE

phrupReh, Neh;

tri(padiophs=finar);

IF 2pé<ppd THEN
05:xp4+8.0%h}
tr{oS)ionSssfixar)?

IF poS<ond THEV
p7x{p4+a5)/2.0:
tr(n?);op?:st(xar);
IF no?>=p005 THEW

ohis(ol+02)/2.07
tr{nodY pob:izfinar);]
1F oo4A>=pnl THEN
initon:=TRUE?
ol PLUSAR 25,.0#n

FI
Fr

Fl

ELSE
252=p4=2_,0«h?
tr{pS)iooS5:=f{xar)

FI

Fl
FI
END;

::gguqaussltﬂEFE-JDEAL #sREFT IREAL y,b,%EF AQOL sing) VOLD:

INT ni=UPY y.Ll:
REAL ampw:
sing:=FALSE?
clear(y);
FOR 11 TO n=1 WYILE NOT siénq 0O

amyahdS alit,i1]3be2it;

FOR 12 FROM i1+1 T0 n nO

(am<A3S ali2,910'am:=8BS ali2,41)211512)

112

0D7
TF NOT (singi=zam<t, Ce=%) THEN
IF t/=i1 THEN
FOR 12 TO n DOCwzzafll,i237aCt,i27:waCit,i2)7a091.423
Jb7
witplL)iplLlI=blitdibli1):=y
FI:
FOR 12 *ROM {141 79 n DO
am:=ali2oi1)7a041,3172
FOR i3 FRO% 1141 To n n0 ali2,43) *INUSAD amvalit,13;
bL12] MEINUSAD sménlil)
on
F1
oo;
(NOT sing? (435 slnsnl<1 Ce=Rtsinpi=TRUE})?
IF M3T ging THEN
y(nl:zzplniZaln.n);
FOR 12 FR0M n=1 8Y =1 TO 1 02
y[i2):=bli2)7
FOR 13 FROM 1241 TO n 00O y(i2) WMINUSAR vy[i31esCi2,4%3 Of
y[412) DIVAB ali2,i2]
ab
(3]
END;

PRUC root =(REAL aspscoREF REAL A4,a)VolDe
JEGIN

PEAL srtexTend;?

REAL scraarbbrcc?

scimAdS a;

{A9S p>sclsci=A3S b))

(ARS ¢ >sclisc:i®ABS )3
aaizal/sciboi=n/sciceinc/scs
srt:asqrt(saras~4.Crohecec) s
xtiz(~aa=-srt)/2,0/bb;
x2:2(=~aat+srt)/2,u/oh;
(xf>x21ds=x?ies=nlldrmx)esex?)

END?

PROC raj=(REF BOOL singsYAT nlIVOTD:
BEGIN
REAL maxisAES y[(1)smin;
minsEmans
FOR i1 FROM 2 TO n DO
IF AdS vEi1)>eax THEN maxiang$§ v[it] Fi:
If a4ES y[i11<min THEN min:=aBS v(i1] FI
wo;
IF NAT sing THEN
(min/max<t,De-84 OR mau>1.NetBlaing:=TRUE?
Fl
ENDZ

PROC flat=q990L:
BEGIN
REAL mx:=pl1),mnixpll1])
INT jae=l,jnis=ts
FOR i1 FuoOM 2 TO 5 DO
{aCit1)>metmxs=onfitlljnr=it);}
(oli1l<mntmnisolildiine=il}
on: :
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. 295 ELIF polize¢21<plia+1} AND nliz+23<nliz+3] THEN sKIP
© 29 ELIF aliz+#11>00iz+4] THEN iz 2LUSAd 1
235 ARSClmu=mn)/{xLije)=vlind )<V 14AGS mx i Ja7 (3
23s EnD; 298 FOR 1 TO 3 no
237 1299 tiwnCietidinCiotdzwevrialis2loetees
238 ol:=n 0; | 300 sC4,31:=1,0;00i)s%0Ciz44)
239 4AILE initon DO inic 907 3nq ob; :
240 x12(31,22,03s04s05): v 392 gauss(al1:3,1:3%y(1:3),001:3),5ing);
241 0:*{pD1,002,30% 004,005): I 3n3 altwy[133blzmy[2)ictzny[3]:
262 amin:=nf1]gog:®sxft]} T IF outsat THEN
243 FOR i FROM 2 ¥0 § DO 315 arint{(neuline,"tunaratic Case"snevlinel);
244 1F c(43<amin THEN aminieplilinoqiasxli] FI | 306 arintt((ft7,81,01,c1))
245 003 1307 Fl;
2hé IF outset THZN 308 IF 21>3,0 THEN »inj==%1/81 ELSE minfails=TRAUE FI
247 print(ineuline,cnter Mouffti®y); i 399 ELSE
248 print{(nesline,"a=",dineuline,"x02%, cN)); T mutEcl-?ahlreltaleetne];
249 printf{(fti.anin,qoad) 311 (outsettorint{(newline,"Soecial Rational™,newling))}:
250 FL: y 312 1F wu>0.0 AND a1>0,0 THEN
251 ngent:=0; TR min:z~eltsartiau/at)
252 aqon1=FALSE; I 34 ELIF wu<0.0 AND a1<7.0 THEN
253 TO maxit WHILE NOT con DO 315 2in;s~el=sartimu/al)
254 orcer{usp); 3t6 ELSE minfail:aTRyE
255 I¥ autset THEN 317 FI
256 FOR 41 10 S pno ﬂriﬂt'((ftzoi'l"[i13011f0[1fJ)) an 318 FI
257 F1; 319 ELSE
258 bflaty=fLar; 320 hhizal*dl=-bligtaatrel=ci atmelapt=cingl}
259 IF ofiat THEN 321 IF a1v41>=e] THEN
240 sing:=2TRUE? . 322 miuersxci-atwel;
241 (outsectorint{(newline,*flat"))) © 323 Lndast=ol-altal;
252 ELIF qqon THEN 324 satixsgrt(giedl=e1);
253 sing:=sTRUE? 3?75 r:emjue=2 . 0vindar(at-sgt);
254 (outset!orinti{neuline,"330n"))) 126 Qr=njue=2.0%lngax(atesat);
255 ELSE l 327 If ABS Lnoact.0e-35 THEN
266 FOR i TO 5 op 328 mings=dl
267 t:l-[iJ:-[i;1]:-t*t:ati.ZJ:-t+t:ati-3]:-1.0: 329 ELIF €r>0,0 AND q<D.0) UR (r<N.D &ND o>A.0) THeN
268 alisgdim=p{idee+2,0; | 330 nings~nive/2,.0/nda
269 alisS5Izm-plidinliYzaplidetnt 31131 ELSE
27y 00 312 wint=(=sartl{rdgl-miue) /2,0/lnaa
27 qauss(msysbasing); I 333 Fl
272 ai:=v£1J:b1:=y[2]::1:'v[‘]:d1:'vtb]:e1:-v[53; 334 ELIF a1<0.0 THEN
273 Coutset!inrintf((tt5,a1,01sc1,d1,013)); 3135 1F 81/a1-41¢0.0 THek
274 reji(sing.5) 338 ro3t{qehhssesrear)imins=gyr
275 FI: l 317 ELIF b1/a1-d15>3.0 THEW
276 IF sing THEw 138 rooti{qentssssreqrliainssar
277 fz1sIF pl2)<c(1] AND (DE31<pC4] OR pl2I<niZ]) 3319 ELSE minsz=di
278 THEN O I 340 F¥
_ 279 ELIF ol41<0{5] AND (o[)<pl2] OR ol4I<ol3]) 341 ELIF a12>0.N THEN
280 THEN 1 ELIF oL1)<al5) THEN O ELSE 1 1432 ‘ IF h1/a1-41<0.0 THEN
en FI: I 343 root{(gsnhhsssarsgr)inminsmar
2R2 IF bflat OR agqan THEN sing:=TRUE 344 ELIF h1/7a1=-4130.0 THEeN
— 213 ELSE : 145 roat{gsnh,sesroqr)imintmsr
284 FOR 1 Tu & by 346 ELSE awing==-a1
285 tiexDietdidioliotdcotorialis2)enevesalioddsnl O | 347 I
— 284 Alirddza-plizeid;oCidznolizgeilot 343 ELSE
2n7 00; 149 IF B1<0.0 THEN
288 9aussCaliza,1:4),v01:4).b01:41,5ing)3 I 350 root{gshhesssrogr)iningx-qr
29 a1y (1)i01:ay[2)3 el ny 3 mteny(kd; 359 ELIF 01>0.0 THEWN
290 (nutset!nrintf(tfté-a1ob1.cI.e[;l): 352 - root{genhesssroqriimingssr
291. rej(sing,é) ’ 353 ELSE ming==-d1
292 Fi: 354 FI
—293 1F sing THEN

294 IF oliz+31<oliz42) AND 3(4243)<aCiz2+4) THEN §2 PLUSKgE 1



355
356
357
358
359
360
351
362
3563
354
365
356
347
358
369
370
7
3re
373
374
375
376
377
378
379
IR0
381
L LT
343
384
3RS
384
3487
3rs
38y
- 390
391
372
393
374
395
1%
397
398
399
4nQg
411
402
403
404
405
406
407
4nB
409
410
411
412
413
414
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FI
Fl;
trimin)lons=t(xar);
iterat PLUSAY 17
ansi=wninifvimng;
(outsetlorintf((ft3,iteratsninsogl)y;
TF qa>amax1{o01,002+p03,024sp05) OR minfail THMEN

(dutset!orint((nealines,"oq>anaxl mintails",mintail)}); |

h DIVAY 2.0/
((agent PLUSAD 1)>s2igaon:=TRUEZqacnt 1=0);
jterav =y
infton:=TRUE?
MHILE initon 2% init 0B}
xi*{pl,p2,r03,26,05);
o:xl{nplspn2,003,n04,n05):
anin:=ol1} gnqs=nlt]:
FOR ¥ FRIY 2 10 5 %0
If ofil<amin THEN amini=oli)isoq:exli) FI
L1 H
(autsetiorintf((ftl.amin,qgog)));
con:=FALSE
eLSE
{outset'!orintf((fté,aminsand))?
IF ABS {qa=~amin)<zerter+(ARS amin+0,5)410 THEN
coni=TRUE
ELSE
IF ag<=amin THEN aminisaqigoq:smin £
jr=1;mavy=n[1];
FOR 1 FROW 2 T0 5 00 (of4)>maxlmax:=oli]jiwi) QD
x[§)e=ming
pl1l:=uaq
1
FI
ap:?
(outset!arint ({newlines"Leave Moutfei",newline) )} !
ans/scale
END;

PROC dinon=(PROCCREF[ JREALIREAL f,

PROCCINTAREFC JREALIREAL g
TNT nsRt AL err,REFL JREAL wxUXREAL:

BEGIN

(1:n] REAL uswsgesrdsnsatogetoyshy yhoull
Ctznst:n) REAL hont}

AcAL sref,lancasettpeplsslss2shhoert;
H0L con:=TRUEscarryon:=TRUE-hset ;=FALSE?
INT mavits;?

el 210, 0%err=12;

erizx] (e=2;

hhg=N,p25:

mazits:s1002

FORMAT feines(5(+d.7de+2d5x)%;

PROC oumoout=(REFL JREAL x-gesREAL ef,REF[ JREAL o)}VOIN:

BEG IN
print{{nevwiine,"x=2"}) printf(Cftlax));
printlinewline,"ge=") ) printfC(ftl,qe)):
print{{neuline,"efa",a¢));
print{{aeuline,"p=")) princf((ftl.o)}

END;

£15
216
A7
i18
41y
420
421
§22
423
424
425
426
“27
428
427
430
431
432
433
434
415
438
437
438
439
440
441
442
443
LT Y
ALS
446
&47
[1Y.]
LY
«50
451
452
453
454
455
456
457
458
459
«50
481
&é2
453
[T1Y
465
446
457
448
469
470
471
472
473
474
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PROC uphey0lb:

s:sn, 0;
FOR i1 TO0 n DO s PLUSAS alil1leyl[i1] on;
s>enl

THEN

FOR i1 TO n DO
120,03
FOR i2 TO n B0 sY PLUSAB nCi1,423ay[i2) OD:
hy[11)z=s1

go;

FAR i1 TO0 n DO
s1:=D0.0;
FOR 42 TO n PO s1 oLUSAD y[i?)enfiZ2,9i17 no:
yhlit)z=g1
ons
$1:=0,0;
FOR i1 TO n DO s1 PLUSAB v([i1l*hy[it] OD:
si:xs1/s41,0;
FOR 1 TO0 n DO
FOR 12 T0 n DO
hCi1,322:=h{§1,42])-
CACi1dwyh[42)+hyLi1I%al§i2)=s124L§1324[i2))/7
0
oh

ELSE

print{{newline,"s<enl candition set*,nevwline})

PROC vperayDiD:

IF ARS(ef=efi)<er12(AaS =f1 + N,5) THEN

JF hast THeN

hh DIVAB 2,02nset:=FALSE er1 DIVA3 10,0
ELSE hset:=TRUE
FI

clear(nd?
FOR 41 TO0 n b0 h{41,i7):=1.0 0D}
tlear(uw)’
efl1i=f(x)?
FOR 41 TO n DO aeli11:=ali1,x0) OB}
TO maxits WHILE carryon DO

TO n WHILE can DO

FOR 11 TO n 00
s:=0.0;
FOR 12 TO n DD s MINUSAD h[i1,421%qeli2] OO}
pl11):=s+uli1]

o] H
efizef?;

sr=(0,0;
FOR i1 70 n DO s PLUSAB ol11)%qelil) 0D
IF =s<err THEN

orint{{nesline, 4,2 condition set™):



475
4758
&77
478
479
480
481
Wn2
(151
LT
(L}
496
&A7
4%3
489
490
491
«92
493
&94
495
496
497
4913
499
310
501
5nez
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
5318
519
520
521
522
523
524
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dumpout{xsqesef,p)
FLe
Lamdat=sapoline(fsoex,nh,err.efid:
Fok #1 To n DU x1Ci1)sex{i1d+Landata[i1) 002
FAR 31 TO n DO qel(i1)1mq(i1,x1) DD;
FOR it TO n B0 aCit):=x1[i1)=x{i?1] OO:
FOR i1 70 n 00 vy{i1)3=qel1(i11-3e(i1) 0D:
uphs
orint((neuline,"ns%));
FOR i1 TO n DO orintt{(ft1,h1Ci1, 1)) 0D
cdumpout(xtsqet,eft,p):
11:20,02
qou i1t TO n DD 31 PLUSAR dli13*(efi<etlael[t11qeCit )Y Q02
KOR §1 TO n 00 wiCi1) :wuli1)+aCitdest/s 002
wisulinz=hl}
upers
(ef1<etinsexligetngel);
TH S D0 newlinel(stand out) 0D
ap;

L2scleartu):
LT3FOR i1 TO n DO

s:=0t, 0
FOR i2 TO n DO s %INUSAB hiit,412)%geli2] GO:
plit]e=g
1]/ H
etswetl;
s:=0.02
FOR i1 TO n 00 s PLUSAB plillegelil) 00;
IF -s<err THEN
print{{neuline,"Tran ? set”.nextline));
cleari{h};
FOR 11 TO n D9 ALi1.41)z=1.0 on:
GuTv L1
FI: [
Lardatsanpline(fspsnshhaerr,efl)?
FOR i1 TO n B0 x1Ci1)s=xCitI¢tamdarolil) 002
FUR i1 Tuo n By 3e10i1):sgCitsxt) QD;
FOR 41 T2 n N0 aCi1lsmxtCi?1)=x(i1) OD2
FOR i1 70 n DO y[itlsmgelCi1)-qel41} Cb;
orinti{nexline,"geta"));
oprintf((ftl,qe1)):
orint{{newtine,"d="));
ariatt{(tt1.d));
print((newline,"ys"));
orintf{{ftl,y)):
uoh;
orint((neuline."End of major stec ha™));
FOR i1 TO n 00 printf{Cfti,n1(i1, 1)) yo:
dumpout (x1,9e1,ef1,0);
uper;

1l8

525 s1:=0,0;

526 FOR i1 FO n DO 31 PLUSAE qelfi13%qel1Cit] Op;
527 s2:=0.07

528 FOR 41 TO n B0 352 PLUSA3 d€i1d4alit]) Ob;

529 carryon:=(si>err) AND (s2>errvers)

530 AND (ARS{ef-efl)d>errverrv« (4388 ef¢ 0,.5));
50 xi=xligetsgelihisny;

532 TQ 10 DO newline(stand out) 0D

53%3 ' H

$34 x03mx;

53§ ef}

536 ENDJ

5317

538 xrEl=1,2,1,0);

339 dinon(11.91,2,1.0e-~
220 Eno egls2, t=4,x)

541 FINISH
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"amin=+3,835008%e+ O a3=+3.8344130e+ 0
Leave Mouffti

h=

airon : +4.2621360e- 2 -9.1761480e= 2
Enter Mouffti =9, 17616476e- 2 +2.0025939e~ 1
d= +1.00000000¢ +0 +4.0%146326Re =1 v x= )

x0s =1.20000000e +0 +1.00000000e +0 \ -9,299535%e= 1 +8.3165367e~ 1
Inittal amins+? 7841535+ 0 at point goqe+2,5000000e~ 1 ‘ ges

w[ 11==5,0000000e~ 1 o0 112+4,458N7798¢ 2 . “1.6191087e+ 1 ~6.6299975e+ 0
x{ 21=-2,5000000e- 1 ol 21=41,51094%7e+ 2 _ ef= +3.33451297e +0

xC 312+0,0000000e+ 0 ol 3)=42.4200001e+ 1 o

x{ 4)=+2,5000000e- 1 ol 4)=¢7,7841535¢+ 0 +7.0463023e~ 1 “1.6%8%134e+ 0
al 5)=+5.0020000e~ 1 ol 512¢5,.3R81258¢ 1

al=+)1 . 7895e+ 3 b1==3_,003Je+ 2 cl=+6.3156%¢e+ 1
d1=+1.0415e+ O e1=242.51N3e+ 0

itss= 1 min=+1,7070961e~ 1 1%+4,1285026e+ D
amin=+?,7841535e+ 0 ans+4 ., 1285026+ O

Leave Mouffti Enter Mouféti

de +5.19044906e =1 =1,00000000e +n

ne= n(s =9,29653590e =1 +%_,314663691= ~1

01.4903231e- 1 -3.5518971e= 1 Initial amin=+3 . 5RP45060e+ D at ooint coox+2,500N0N0e~ 1
e ] 3 21818100 1 «C 11==5,0000000e- 1 ol 11245,49585550+ D
-3 xl 21x+2,500000Ce=- 1 af 2=44.4132570e¢ 0
5} 0203006es 0 1.0696774e+ 0 x€ 3324+0.0030000e+ 0 of 313¢3.3346130e¢ 0
o xC 4)=2+2.5900000e~ 1 ol 4 1=+3,5%46060e+ G
O ner0Tem 1 2047735564 O xC 51245,003000Ne~ 1 of 53%44,1733502ms 0
e raante 50 ) a1341,0151e+ 0  bize1, 75778+ 0 clx~2,927Re+ O
. . a18+2,9428e~ 1 elx=7,A362e- 1
02.1550001e+ 2 +8.8000003e+ 1 its= 1 minm42, 746240040~ 1 A9=+3,5%91250564+ 0

aminz+3,5845050e¢ O 37243,50128158+ 0

Leave Moutftid

. Jels=
o -2,3393598e+ 1 -1,2581392e+ 1

Enter Moutfti ' dgs
de +4.17357482¢ =1 =1,00000700e +0 *1,6234290e- 1 "2.7424004e- 1
x0= =1,0292903%e +0 +1.76367740e +0 r?
Inttial amins+3,.334N08%e+ 9 at volint 30q2+2,5700000e~ 1 =7.2026112e+ 0 =3.9513742e¢ 0
xC 11=~-5,0000000e~ 1 ol 1145,1467198e¢ O : End of major step hs=
x{ 2]2-2,5000000e~ 1 ol 2)544,671%2192+ 0 : ' +6.3056244e- 2 =7.6025930e~ 2
xC 3)240.0000000e+ 0 ol 31244,1285026e+ O =7.5025%27e- 2 +1.3808753e=- 1
«f &1w¢2,£000000e~ * ol 12438340089+ 0 ax
xC 5= +S,0000000e~ 1 ol 5)z+4.3905373e+ O =7.2761069¢~ 1 +5.5742355e= 1
al=+7, 04904 0  b1a=2,5796e+ 0 c1242,5617¢+ 0 ges=
d12-4,720%e= t el344,206de- 1 ~2.339369Re+ 1 “1.2581392e¢ 1
itsx 1 mins+2,3801370e=~ 1 qa+3,83458130e+ O efs +3.59128055¢e +0

D’

+R.1840381e~ 2 ~1.5767405¢= 1

enter Mpuffret



o® +1,00U0D0000e +0 ~5,114%3
x0= =7 _ A728610695e =1 +5,5742
Initial amin=+1_35339%3¢+ 2
x[ 11=+0,0000000e+ N
a[ 2)=+5,000000%~ 1
al 3)=+7.5000000e- ?
al 4)=+8,7500000e- 1
el §)=+1,0000000e+ N
41945, 5701+ O bie=4 _ 34R6
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T9Re -1
165te ~1

at point qoqQ¥*+7.500"0"0e= 1

ol 11=+3,59128N5e+
ol 271=4¢2, 1334783 e+
o[ 31=+1,35353933e+
ol 415+3,.4N13838e+
30 51=+¢9,5700785e+
e+ 0 c1243 50668+ O

oLLoo

122

a= +1,030000000e +0 -1,2¢638000e =1
x0= =7, 406476426 =2 +2,19750422+ =3

Initial amin=+1_.0380649e+ O

xL 112=5_,0000000e- 1 ol
xal 2}=-~2.5000000e- 1 ol
x{ 3)=40,0000000e+ 0 ol
sl 41w+2,.50%0000e- 1 al

x{ 5)=+5,0000000e- 1 ol
813=-1.104%e+ 0O b1=+3, 7707 e~
als+3 1R11e~- 2 e19=3% 26640~
ity= 1 minze] 0601984 e~
amin=+1 0380647+ U
Leave Mauffttid

at point goax=+2,.57600N0e= 1
11249 ,5N019548=¢
21%42,266€753e4
31n41,.1544962e¢
4]241.034064%e¢
571245.163R164e+
1 cl1a=3.7717e= 1
1
1 Qa=+8,9717866e- 1

ooCc oo

3=+8 ., 97179560~ ¢

dia=9,683%e~ 1 e1=49,7643e= 1

itss 1 ainae?,2262500e~ 1 q9=+1,2444305=¢
aninu+1,3533933e¢ O 23%+1,24443N5e+ 0

Leave Mouffti

hm

+5.2664358%e- 2 =5.9137747e- 2

=5.9137706e- 2 +1.04358701e~ 4

xE

=5, 4985692e~ 2 «2.8978658e- 2

Jes

=2.99302381e+ O

efz +1,24463048e +0

+5.073279V e~ 2

-5.,64035%6e+ 0

~4.1189197e- 2

getls=
=B,2479433e~ 1
ds
+1.4601986e= 1

’8

+1.4207447e+ {0
End of aajor step
+1,1039773e- 1
~1.9382664e~ 3

=

+9.1955098e- 2
ges

=B.2479433e- 1

=5.3901161e+
=2.0492395¢~
=4.7325J%1e¢
h=

=1.9382548e~
+3,790507 e~
“1.,849479 e~

=5.320106e+

C N WwW O

Enter Mouffti

dm «2,91217487e =1 +1.00000
a0s =4 49856916 -2 ~2 . RO7Y
Initial amin=+1,2444305e+ 0
xC t1==5,0000000e- 1

2l 2)==2,5000000e~ 1

x[ 3)=+0,0030000e+ O

al &1=+2,5300000e- 1

x{ 51=+45.003G0uMNe~ 1

31343, 9424e+ 3 bi==1,191)
als+3 _8000e+ O el=eh 29464
its= 1 nine+3 1174242

amin=+1,2444305e+ O a

Leave Mouttti

hs

O00e +0
6577e -2

at point qoax+0,0N000N0e+ O

ol 1124+42,95190N2e+
al 21248, 7707442e+
ol 3)=+1,2444305e¢
al 41=¢5,37539N18+
ol 5)I=+¢1,.9670301e+
e+ 2 cI1=+5, 34652+ 1

et 1

e~ 2 A=+ 1.1546952e¢ 0
Ax+1,.154659482e¢ O

= =N

efs +8,.97178657e ~1
o=
+6.3C18154e~ 2

Enter Mouffiti

=7.8544510e~ 3

ds +1,00000000e +0 +2.33631515¢e -1
x0= +9,19550983e =2 =1, R4947907e =2

Initial aminw+3,9717366e- 1

+2,9590791e- 2
“5.2146255¢e- 3
'L ]
~7.40647640 2
9r=

~2.2655391e+ 0O

=5.2146255e- 3
*+5.86253312- 3

+2,1976042e~ 3
=8.5759701e- 1

efs +1.15449620e +0

1]
=1.2401992¢- 1

Enter Mouffti

+4,2585700e~ 1

x{ 11=-5.0000000e~ 1
nl 2)=2=2,.5000000e- 1

ol
ol

oL 3]=+0,0000000e+ N ol
x[ 41=+2,5000000e- 1 ol
x{ 5)=+5.0000000e~ 1 ol

ai==3,2350e+ 0O blz+d 55668~
d1541,9297e- 2 el==3 75040~
itss 1 mins+1,101356Be~

amin=+ B, 9717866~ 1
Leave Moutfti

h=
€7 448883 2e- 2
+2.6132305e~- 2
w

+2.0209078e~ 1

at point goa3=+0.0700000e+ J
11241 1091503 e+
2I1=42,3790395¢4
31=+3,971 78660~
41241,0262319+
51x+6,.5214282e4
1 ¢1»=3,3647e~ 1
"

1 IUE+7,.4958400e~ 1

QO =0 -

Q=47 L 49584008~ 1

+2.61323060- 2
+1,8R66923e~ 2

+7.2%3553e~ 3
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ges

+1,1206289e+ D

efx +7.49584004¢ ~1
ps

+2,.N60795%e~ 2 +1.8R32568 e~

Enter Mouffti

-6.720%593e¢ O

2

a= +6,84043050e =1 +1.00000000e +0.
a0= +2,.02090776e =1 +T7.23638531e -3

[nitial amin=+7.49584N0e= 1

at soint ago=+0,000000=+ 0

a0 11%==5.0020000e~ 1
xl 2)=-2,5000000e- 1

ol
al

13242.75491N3e+
21=+5,8792148e+

[=~=R =

nl 3)=+0,0000000e¢+ 0 ol 3)=+7.4958400e~
x[ 41=2+2,5000000e- 1 ol 41=+1.7R614R1es
x{ $1=+5,0000000e~ 1 ol 5)=¢4,6674563e+
al=+3,0382e+ 1 hie=1,1945e+ O c1=44,. 92420~ 1

d1s¢5,.6998e~ 1
itsgs= 1
amin=+7 ,4958400e~ 1
Leave wouffri

el*48,56%2e~
minm+5,21439%5e=

1
2 qns+5,81382320-- 1

19=2+5,5182330e- 1

h=
+9.4751226¢e- 2 +4.27903030=
+4,2790343e- 2 +2.4764913e-
l.
+2.3775%7e- 1 +5.9380321e-
ges
“1.7955985¢e+ 0 +5,7015075e

efz +5.81823304e -1

o=
+6,1864798e~ 2 +9.04399190=

Enter Mouffti

d= #1,00000000e +0 +4.32271514e -1

LS

0= +2 37759473 =1 +5,93R03208e -2

[nitial smin=+5,81823%30e~ 1

at oofint aoq=+0,00000N0r+ O

xf 1)==5,0000000e~ 1 ol 13x+46,6794277e+ 0
k[ 21%=2,50000Q0e~ 1 of 21241.24313%%e+ 0
x{ 31=40,0000000e¢ O ol 31=+5,81392330»s=~ 1
x{ 41%+2,5000000e- 1 ol 4)2+7,5%86710e~ 1
x( 5)=+5,0000000e~- 1 ol 51=+7,29256N5e+ 0

aT==1,2598e+ O
d1242,5748e~ 2 el1z=3,2512e~ 1
fts= 1 ninz+7,927554 30~ 2
aminzE+5,. 8182330 1
Leave Mouffti

bi=+] 57400~ 1

gets=
=4.926559%e- 1
a=
+7.9375541e- 2
yl

“1.3765020e+ 0

+3.4511 7060~ 2

c1==1,8R00e~ 1

g1=+4, 7104149~ 1

Qax+4, 71041498~ 1
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+1,3029425e¢ 0
End of major step h=

=1.9465528e+ 0

+2.605936Be~ 1 +1.3364536e- 1
+1.33644636e~ 1 +7.1826747e- 2
K :

+3.1713501e- 1 +9.3692107e~ 2
ges

~4.,926559%e~ 1
efs +4,71041486e¢ -1

Dl
+1,4573822e~- 1

=1.3765020e+ 0

+5,2998479¢~ 2

Enter Mouffti

d= +1,00000000e +0 +5.27333595¢ -1

k0= +3,17135014e -1 $+9,35921071e -2

Initial aminz+4 7104149~ 1

st noint 20q=+0.0000000e+ O

xC 11==5,0000000e~ *
xL 2)=-2,5000000e~ 1
x[ 31=+0.0000000e+ 0
x[ 4)=42.5000000e~ 1
x( 51=+45,0000000e~ 1
at==2 44412+ 0
d1243,2843e~ 2
itss 1
aminz+& 7104149~ 1
Leave Moutfftid

hs
+1,7188233e- 1 +1,00728
+1.0078884e- 1 +6,18419
i=
+3.1790902e- 1 +9.41002
qe®

~4.,7837573e= 1%
ef=x +4,7010045e -1

n.
+3.1234752e- 1 +1.64711

Enter Mouffti

d= +1,00000000e +0 +B.56456
x0= +3,.17909021e -1 +92,4103
Initial amin=+2 0716920e~ 1
x[ 1)==5,.0000000e~ 1

al 21==2,5000000e~ 1

xL 31=+40,0000000e+ 0

al 4)=+2,5000000e- 1

x[ 5)=+5,0000000e~ 1

bi=4] , 76328~ 2
elm=3 . 61550= 1
ains+? 74008508~ &

=1.3931757e+

pf 11245.5309070e+ 0
ol 27=41,0521257e+ O
ol 31244,7104614Fe~ 1
ol 4)=+1,1112125e+ 0
ol 51=+49,6651970e+ O
cin=1_70368e~ 1

qa=+4 , 7010045e~- 1

qa=+é, 7010045e~ 1

Rbe-
Yo~

4Be~

QO ™~ A

Jhe~ 1t

973e -1
26760 -2

at point qoca=+42.5000000e~ 1

ol 1)=+1_ 4B87192e+
ol 21%42,421947%e+
el 31=+¢64,7010045e-
ol 41=242,0716920e-
nl 51=+2,1836743 e+

= R g
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al==4,0122e+ D p1*+7,460242- 1
a1=eq, 0252e~ 2 ele=4 ,2084e= 1
itss 1 mina+l1 7923970~ 1
aminz+2,0716920e~ 1
Leave Mouffti

c13=1,9774e~ 1

QqE+2,5287997e~ 1
Qq=+2.5287997~ 1

h=
+3.5317712e~ 1 +2.6777620e- 1
+2,6777620e~ 1 +2.1489382¢- 1
s
+4.9714881¢~ 1 +2.4761144e~
ges

=1.0960830e+ O

etz 42 52879974 -1

pa
+5.1547512¢~

Enter Mouffti

2

+9.0R98946e~ 2

th 41482260~ 2

d= ¢1.00000000e +0 +7,55218425¢ =1

02 +4.97148812e =1 +2.47611435¢ =1

Initiat amin=+2,5287997¢~ 1
al 11==5,0000000e~ 1
x{ 21=-2,5000000e~ 1
al 3)=+0,0000000e+ 0
x( 4)=+2,.5000000e~ 1
x[ 5)=+5,0000000e~ 1

2a18+4,9913¢+ 0 bl1s=2,93%4¢- 1
elz=5_1238¢e~ 1
nin==6,2095222e- 2
192+3,3226174e~ ?

a1=41_,3973¢~ 1
jtam 1
anins+2 SOA7997e~ 1
Leave Mouffti

at paint qog=+0.0000000e+ O

ol 11842,495%467e+ 0
pl 2)1=+5,67302%2¢~
pl 31542.5287997¢-
of 4)2+41,.5473293e+
ol S1=+1,36223R2e+
tla=1,2957e= 1

- -k -

qa=+3,3226174e~ 1

gel=

=3.1214532¢+ 0 +2,.2R8R679e+ (
d=

=6,2095221¢- 2 ~4.6395469e~ 2
-

-2.0253702¢+ O +2.1979690e+ O
End of major step hs

*5,9940521e- 1

#5,.24084850~ 1

+5.24N8485e= 1 +4,6159450e~ 1
am

+4.3505359¢~ 1 +2.0071597¢~ 1
qe=

=3.1214532¢+ 0 +2.2888467%+ 0
efs +3,.32261737e =1

ps

+3.6277086e- 1 +2.7397131e~ 1

'

Enter Mouffti
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d*® +1.00000000e +0 +8.62B49583¢ -1
x0= +4,35053591e ~1 +2,.00715967¢ -1

Inftial amin=+3,3226174e- 1

x0 1)2=5,0000000e- 1
xl 21=-2,5000000e~ 1
xl 31=+0.0000000e+ 0
s 41242.5000000e~ 1
x[ 51=+5,0000000e~ 1

at point qogs+0.0000000e+ O

ol 1)246,6536437e+
pl 21249, 06657088~
ol 31=43,322617¢e-
ol 41543.7966271e~
ol 51=45,8690650¢e+

-]

al==-8_8806e- 1
dis+] BR32e~ 2

b1s+¢1 . 3761~ 1
els-3,0021e~ 1

its= 1 nin=+1,1302025e~ 1

amin=+3 3226174~ 1 qaq=+2,
Leave Moutftd

ha

+5.,4630417¢- 1 4, 987023 4~

+&.9870234g- 1 +4.57324695e~
L : ]

+5,4807384e~ 1 +2, 98235770~

qe=

~4.33t 166he~ 1 ~%,294455 e~

CT==9,9748e~ 2

Qas+2,0489832e~ 1
0469832¢~ 1

1
1

1

1

efz 42 ,04698317¢ ~1
o=
+6.7145431¢- 1

Enter Mouffcei

+5,7937750e~ 1

d= +1.00000000e +D +9.8R972240¢ «1
502 +5.48073836¢ =1 +2.98237700e -1

Initial amin®+2,0469832¢- 1

at ooint qoq=+0.00000NDe+ O

xC 112=5.0000000e~ 1
xf 2)=-2.5000000¢~ 1
nl 31=+0,0000000e+ 0
nl 41=42_5000000e~ 1
xC 5)=+5.0000000e~ 1

13-2,2980e+ 0 ble=5_,06Rde= 2
elz=3 _iB62e~ 1
nine=2,222389% ¢~ 2

dl=42, 41240~ 2
itsr 1
ANin®+2 0469832~ 1
Leave Mouffti

h=

+3.5305985e~ 1
+3.7186391e~ 1

n=

+5.2584994¢- 1

ges

=B,9378470e~ 1

efx +2,2L825002e ~1
o=

+1.8579996e~ 1

ol 11x44,8487520e+
ol 2)245,3598817 ¢~
ol 3]1=42,0409832e~
ol 4)=+8,.7692128e~
ol 5)24¢9,3495949¢+
c12=7,1363¢=~ 2

[~ PGP

Qq=+2,2482500e~ 1

Qq=+2,.2482500e= 1

+3.7184390e- 1
+3,95645326e~ 1

+2.7625889¢~ 1
=5.1854551¢~ 2

+1.8375101¢~ 1
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Enter Moufftd

% +9.44770418e -1 +1,00000000e +0
k0= +5,4B8073836e -1 42,08237700¢ ~1

Initial amin=+2.0469832e~ 1

x({ 11==5,0000000e~ 1
2l 21=~2,5000000e~ 1
x( 31=40,0000000e+ 0O
xl 4)=42,5000000e- 1
al 5)=+5.0000000e- 1
al==1,5332¢+ 0
d1s+1 8427~ 2
itss ¥
amnin=4+2 0469832~ 1
Leave Mouffti

b1=47.0825e= 2
el1e=3_3305e= 1
mina+3 872731 7e~ 2

ol 11%45,1596059e+ 0
pl 23=47.1392314¢- 9
ol 3)=+2 0469832~ 1
ol 4)x44,9324804e- 1
ol 51245.9101286e+ 0O
cl1==6,.81764e~ 2

qg=2+1,7487220e~ 1

Qe+t ,7487220e- 1

gel=

+3,0706291e~ 1 =9.729877%e~- 1
d=

+3.6588423e~ 2 +3.872731%e- 2
,h

+7.4017955¢~ 1
End of major step h=
+2.6316528e~ 1
+2,9105586e- 1
K=
+5.8466226e~ 1
ge=
+3,0706291e~ 1
cefR +) 74872203 -1
pE
+3,.1261138e- 1

Enter Moufft§

=5.4356221e- 1

+2.91055R8e~ 1
+3,2510129e= 1

+3.3696502e~ 1
“F.7298771e~ 1

+3,3088607e~ 1

d= +8.91773812¢ -1 +1,00000000e +0
kQu +5,84662259¢ -1 +3.35965017e -1

Inittal amines+1 ,7487220e- 1
x{ 11==5_0000000e~ 1

xl 2]1=2-2.5000000e~ t

x( 3)=40,0000000e+ 0

x( 41=42,5000000e~ 1

xl 5)%+5,0000000e~ 1
a1=~1,4473e+ O
d1242,1353¢= 2
itse 1
amin®+| 7487220~ 1
Leave Mouffti

h=

+2,0925375¢~ 1 +2.43524

b1=+5,0017e- 2
elz~3 44806~ 1
sin=+2 B6S0B0Pe~- 2

at ooint qoq=+0,0009000e+ 0

ol 1)244,044902%9e+ 0
ol 21=+45,9990864e~
ol 31%41,7487220e~
ol $1244,6292840e~
ol 5)1=+5,06646291e+
c12=6,0295e= 2

[ = I Y

aq=+1.5648156e~ 1

qa=+1,5848156e= 1

2he~ 1

4t ooint qoqE+0.00000N0e+ 0

. #3.,8523068e~ 1
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+2.4252426e= 1

e

+6.1021230e- 1

ges

+8.6634535¢~ 1

ef= +1,56481564 -1

ps=
+2.0238548e~- 1

Enter Moufftd

42,8529218e- 1
$3.6561583e- 1
=1.34858460e+ O

+2.2694710e- 1

d® +6,71678893e =1 +1.00000000e +0

x0= +6,10212304e ~1 43,5581
Initial amin=+5 9470743~ 2
al 11=+0.0000000e+ O

al 21w42,5000000e- 1

x[ 31=+5,0000000e- 1

x{ 4)=+7,5000000e~ 1

x( 53=41,0000000e+ D
at=+8,.2645e~ 1
d13-9,3902e~ 1
itss 1
amin=+5,9479743e~- ¢
Leave Mouffti

hs
+2.7290655e~ 1

K=

+8,.6206856e~ 1

ges

+6.1617536e~ 1

efx +1,969128% e -2

+7.405%1

pe
€2.7572731e= 2

Enter Mouffti

b1a=3,2380e~ 1
e1249,1790e~ 1
mins+3, 7496527e~ 1
qn=+1,.969128%e- 2

5826 -1

at point qoq=+2.5000000e~ 1

of 11=+¢1,5640154e~
pl 21=24¢5,9479743e~
al 31=2+8,9335180 e~
ol 43241 ,5834146e+
ol 5)=¢7,7872605e+
c1=+t,436%e- 1

QO NN

Q3=+1.96912R%F e~ 2

+3,852304%e~ 1
+5.6714983=- 1

10e~ 1

=5.,1622242e- 1

+4.,1050466e~ 2

de +5.553244637¢ =1 +1.00000000e +0
k0= +8,.62068564e -1 47.40581095e =%

Initisl amin®+] 3736432e- 2

x({ 11==5,0000000e- 1
x[ 21==2,5000000e~ 1
x[ 31=+0,0000000e+ 0O
2 4)=42,5000000e= 1
xf{ S)=+5,0000000e~ 1
al=-3_ 70%2e- 1
di=z+1,1481e~ 3
jty= 1
amin®+1,3736432e~ 2
Leave Mouffti

qgeis
+1.0176408e+ D

p12+¢5,2604e= 2
els=3_782Be~ 1
minz+1, 4182968~ 1
an=+4,394 7549~ 3

at potnt aogw+2,5700000e- 1

pl 1)=+1,1804556e+
ol 21241 ,7998772e~
ol 31=+1.9491295e~
ol 4)=41,3736432¢~
ol 51=43,742297% e~
cl1==T7, . 44LB8g- 3

- -0

qqe+4.3947560e= 3

=6.0347021e~- 1
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xC 31=+0,000C000e+ O ol 3)=+¢3,1360912e- 3
q= x( 4)=41,2500000e~ 1 ol 4)=242,9702132e~ 3
+7,8903340e~ 2 +1.4182968e- 1 x{ 51=+42,5000000e- 1 ol 5)=+4.4981612e~ 2

y= a18=4. 3424~ 2 b1=+3,1052e~ 3 C1==3,6997¢~ &
+4.0346545e~ 1 =8,724778%e~ 2 d1s+4, 28550~ 2 ela=1,1797e= 1t

Encd of major step h= itss 1 ains+s 7984583e~ 2
+3.2792776e- 1 +6,1209784e~ amin®+2_9702132¢~ 3

Qa=+6, 8798139~ §
aqe+6.87Y8139e~ 4

[- =

+5.1209782e- 1 +1,2049663e+ Leave Mouffri
x.
+9.4097190e~ 1 +0.4241077e~ 1 h=
gew : *4.1699757e~ 1 +7.9921721e~- 1
+1.0176408e+ O =6.034702%- 1 +7.9921723+- 1 +1.5360311e+ (@
efw +4.3947506920 =3 xs=
-1 ‘ +9,.80322960~ 1 +9.5920877e- 1
+3,1252237e~ 2 +5.6176260e~ 2 ge®
. 46.4073367e~ 1 ~3.46856923e- 1
- efs +56,87981388¢ =4
. D=

+4,.36482460- 2 +8.1735220e~ 2

Enter Mouffti

d® +4.84611195¢ =1 +1,.00000000¢ +0

x0% +9,.80322964e =1 +9,.59298767¢ -1

initial amins+s 8798139~ & at noint 00q=+0.0000000e+ O

Enter Mouffei
a® +3,42108473e =1 +1,00000000¢ +0
0= +9.40971904e ~1 A, 82410772¢ ~1

Inttial sminmed 394756%9¢- 3

at voint a20gs+0,.0000000e+ 0

af{ 11==5_0000000e~ 1
«f 2]==2,5000000e- 1
[ 31=+0,0000000e+ 0
x( 4)=42,5000000e- 1

ol 1244 ,47817%4e+ 0
ol 214100843558+
ol 312844,3947560 ¢~
ol 41=¢6,2023713e~

al 11==2,5000000e~ 1
xl 2)s=1,2500000e- 1
x{ 31=+0,.0000000e+ 0
2l 41=+1.2500000e~ 1
xf 51=+2.5000000e~ 1

ol

17241,0320737e~ 1

ol 21341,9977880e~ 2
pl 3¥=+446,8799139¢~ 4
ol 41m41,7411978e~ 3
ol 5)=+41,185763%e~ 2

o=1no

ul 51=+5,0000000e~ 1 ol 572+42,1335657e¢ a12=2 4185e+ 1 b1=+1,1941e+ O cl1s=3,4697e- 2
A1243,. 787 4ed 1 bla=~3 ,3355¢= 1 C1741, 3117~ 2 aT1==5,9187¢+ 1 e1n=5,0433e+ 1

a1=+1,0429¢+ 0O e1x42,.9847e+ O itg= 1 ainatsy 83956280~ 2 qax+] 5898726~ §
itse 1 Aine+8, 9034117~ 3 q1%+3,1360012e~ 3 suins+5,B798137e= 4 aq=+1,5898726e- 5

aninm+4 3947569~ 3 ©aqE+3,1369912e- 3 Leave Mouffti

Leave Moufits

getn
he . =4.3871581e= 2 +2.5615096e~ 2
+3.9287765¢= 1 +7.4051499¢- d=

1
t7.4051498e~ 1 +1,4007595¢+ 0

+9.4401783e- 1

+2,34530640~ 2

=8.84605260~- 1
ges gnd of major step hs=

+4.8395626e= 2

+8.9131419e~ - +3,7248433¢~

b

“1.6653289¢= 1 +2,8%02292e- 2 +5,3939301e~ 3 +1.0547055e+ O

;:' +3.13509117¢ -3 . +1.0547055¢¢ @ +2.0684151e+ 0
x=

+3.5670128e~ 2 +1.0i2§55$0- 1 +1.0037760e¢+ 0 +1.0076944e+ O
qes=
“4.3871581¢= 2 +2.56150%6e~ 2

ef= +1.5898725%e -5
pm

+1.0039471e~ 2 +2.0716548e~ 2

Enter Mouffri

d® +5,34020051¢ -1 +1.00000000e +0

x0% +9.44017835¢ -1 +A,.91314186e =1 ! ?
Initial amin=+2,9702132e- 3 at point gqog=+1,2500000e~- 1

x{ 1)2~2,5000000e- 1 ol 11246,.0294010e~ 2

al 2)=-%,2500000e~ 1 ol 2)=+1,.6139815e~ 2
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4.2 condition set
xs

+1.0037760e+ 0

Qe=

~4.3871587¢~ 2

ef= +1,58987259¢ =5
D=

=3.3435849¢- 3
Enter Mouffti

de ~4 98218801 -1 ~-1,00000
x0= +1,003276403e +0 +1.0076
Initial amin=+t S89R726e=- §
el 11=+2,5000000e~ 1

k[ 2]==1_2500000e~ 1

xC 3)=+0,0000000e+ O

x[ 4)=+1,2500000e~ 1

xl 51=+2,.5000000e~ 1

a12=3_ 4407 e~ 2 bi=+2,113¢
d1=+2,32560e~- 3 el==1,1737
ftsx 1 min=+8.1426496
anin=+] SRQBT26e- §
Leave Mouffti

h=

+1.0076944e+ O
+2.5615096e~ 2

=6.7110774e~ 3

100e +0
943%e +0
at ooint qo

g=+0.0000000e+ D

of 11844.0295259e~ 2

ol 21245, 7864157~
ol 3)z¢1,5800726e=
ol 41=+4,.8102441e~
ol 512438105999~

3
5
3
2

e- & cin=1,8661e= 6
e 1
¢e=- 3 Qouel 9

qas+1.9510497e~ &

510497~ .6

al1=+6,0535¢+ 3 b1
al==2,0480e+ 0 el
al==1,3928e+ 3 b1
Quadratic Case

V=4 837 3e¢ 2 b1
itg= 1 mina=2
amins+1,9510497e= &
Leave Mouffti

hs

+5,144045%e~ 1
+1.0280170e+ 0

Ks

+9.9922448e~ 1

gew

=2.2370436e+ 0

efs +3,128843410¢ ~3
pl

+5.3461270e~ $

Tran 7 set

132

==3,7598e- 1
241.2519e+ 1
243,039 1e- 1

C1=42 4k25e~ §
c1n=5,6272e~ &
241,204%e+ 0

«4908980e~- 3
Qq=+3,1288434e~ 3

c1=41,9510e- 6

+1.0280170e+
+2,.0594486e¢

+1,.0040426e+
+1,1186138e+

[ -] [=] o0

=8.9304012e~ §

e1=-2.8842e+ O

Qa=+3,1289% 34e= 3

+5.1296348¢e- 1
+1.0273248e+ 0
s
+1.0007156e+ 0
Qesx
~4.5584791e~ 2

+1.0273248e+
+2.0657824e¢

+1.0015517e ¢+
+2.3990870e~

N S oG

Enter Mouffti )
g= +1,00000000e +0 ~-5.1499360%¢

-1

n0= +1,00071564e +0 +1,00155175¢ +0

Initial amin=+1,3510497e~ 6

at point qoga+0,0000000e+ O

ef= +1.95104968e -6

=3.3435849¢~ 3

=6.7110774e- 3

xl 11=«2,5000000e~ t
x[ 212=1,2500000e~ 1
«f 31240,.0000000e+ 0
2 §1241,2500000e= 1
a[ S1=242,5000000e= 1

ol 11=+3.2179908¢+ 1
ol 21a43,9584211e+ 0O
ol 31241,9510497e~ &
ol 41s+1,0009644e¢ 1
pl S)usd, 7270 184et 1

4.2 condition set
'

+1,0007156e+ O +1.0015517e+ 0
qes

-‘0653‘791.- Z ‘2.39900709- Z
efn +1.95104968¢ 5

p*

+5.3461270e= 5 ~8.9304012¢~ §

Enter Moufftd

alne], 3162e4 3 bla=? 2448~ 1
d1a=8_4402¢~ 1 e1nt2 07542+ 0
als=6,7838e+ 2 b1%+7,5516e~ 1
Quadratic Case

a1245,3578e+ 2 b12+43,9024e+ 0
itss= 1 nine=4,138062%e~ 3

c124é,0492e~ &

c1==2,.1057e= 6 e13=1,0793e+ O

cInet . 95100~ 5
qQae+2 4142047 e~ 2

dv +5.9643541¢ =1 -1.00000000e +0
x0= +1,00071564e +0 +1,.00155175¢ +0

Initial amin=+1.9510497e- 6
x[ 1)=-2_.5000000e- 1
x[ 23=-1,2500000e- 1
nl 31=+0,0000000e+ 0
ki &)m+¢1,.2500000e~ 1
xl 53=+2_.5000000e- *

at point goo=+0.0000000e¢ 1

ol 1)9+42,7822237e+
ol 2)1=47,2571144 e+
of 31=¢1.9510497e~
pl 4)=47,8595805e+
ol 5)=43,2719784¢+

- -

amins+]  9510497e~ & qa=+2 , 414204 7e~ 2
Leave Moufiti

geln

~6.1884633e+ 0 +3.10564%4e+ 0

ds

-6.1380640e~ 3 +3,1610578e~ 3 *
,'l

=~6,1418785e+ 0 +3.0816585e+ 0

End of major step h=

+2.0193382e¢~ 1 +4,.0047107e- ¢
+4,0047101e~ 1 +7.9918180e- 1

x= N

+9.9457758e~- 1 +1.0047128e+ 0

qes

=6.,18B4633e+ D +3.1056494%e+ 0

efm +2.41420674e =2
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p=
+4.6584791e- 2

~2.3990870e- 2

134

d1==5.1150¢~ 3 elx=1,2074e~ 1

itss 1 Ain=+4,7507691e~ 3 q28+1,.0685%44e~ S
amin=+ B 7568886e~ & QQ=+]1 . 0685964~ 5
Leave Moutfti
hw»
+4,7325948e¢~ 1 +9,4597329e~ 1
$9,4597329e- 1 +1,.895836%e¢ 0
K=
+9.9824351¢- 9 +9.9621441e- 1

Enter Moutfri | ge=

ds +1,00000000e +0 =5,19501428¢ =1 I +1.,0657D85¢~ 1 =5.51387267¢~ 2

 30% +9,965774579¢ =1 +1,00471281¢ +0 [ ete +1.,06859636e ~5

PAnitial aminoe2 4142047¢~ 2 it ooint qoq=+D.0000000e+ O os

xL 11==2,5000000e~ 1 ol 11243,6691030e+ 1 | e3.4587770¢= 4 -6.8940378e= &

k[ 2)=<1,250{000e- 1 of 21%41,0643654e¢ 1

x( 31=+0,0000000e+ 0O of 31%42.4142047¢- 2

x[ 4)=4+1,2500000e- 1 ol 43=+1,08653564e+ 1

xC 5)=42,5000000e= 1 ol SI=+4,8938928e+ 1

1%+ ,52065e+ 3 b12=9,2335e+ O cTat5 3821e~ 2

dle=8_7128e~ 1 eln42,22% e+ O Trao 7 set

itss Mine+6, 04941460~ 3 9qe+8,7568845e~ &

ARINE+2 K14204Te~ 2 A9=+8.7568886e~ 4 Enter Mouffet

Leave Mouffei d= -1,00000000e +0 +4,.943316440 =1

he

x0= +1.00062700¢ +0 +1.00098518¢ +0

Initial amin=+8 7548886~ & at ooint qoqQ=+0.000N000e+ O

+2,0184855¢- 1 +4,0041245e~ 1 x[ 1)=~1,2500000e~ 1 ol 11541,0765157e+ 1
+4.0041245¢~ 1 +7.9928710¢~ 1 xl 2)}=-6,2500000e~ 2 ol 21=242,5694135e+ 0
xe n{ 31=+0.0030000e+ O pl 31=48,756%886e~ 6
+1.0004270e+ 0 +1.0009552¢+ 0O al 41e+6,.2500000e- 2 ol 41=42,3075033e+ 0
ges af 51=+1,2500000e~ 1 ol 51s+48,.7790803e+ 0
+1.1700722e~ § =5.7840347e~ 2 a1=¢1,2930e+ 3 b1==1,4078e- 1 cT34],815%e~ §
efs +8 758d8863¢ -6 . d12+8,3450¢~ 1 e1342 ., 0730e¢ 0
o= itss 9 mins+1,0887805e~ & aqa+2,99045% e~ 7
+5.9375018e~ 3 -3.6782920e~ 3 anin=+8,7568886e~ & q0%42,9904534e~ 7
' Leave Mouffti
gel=
+8,0374376e~ 3 -3.4987926e~ 3
ags
4.2 condition set “1.08B8278e~ & +5,38229%4e~ §
| £ =
+1.0006270e+ O +1.0009652¢+ 0 :1.0896°?3e~ 1 +5.4341555¢= 2
ges End of wajor step hs
+1.1700722e~ 1 5. 7840347~ 2 +1.9996243¢~ 9 +3.9897505e= 1
o:l +3.75688843e -4 +3,9897605e- 1 +8.0104730e- 1
[ ‘ =
~3.4587770e~ & =6.,8940378e- 4 +1.0005181e+ O +1.0010190e+ 0
Enter Mouffts gex
d= =5,01705550e -1 =1,00000000e +0 +8.037435760- 3 -3,4987926e~ 3
0= +1.00062700e +0 +1.00094518¢ +0 efs +2,99045343¢ =7
Inftial amin=48, 7568868~ -] at point gog*+0.000N0N0e+ O p=
al 112-2,5000000e~ t ol 1324448950480~ 2 =-1.,1700722¢~ 1 +5,7840347e~ 2

5[ 2)s-1,2500000e- 1
xC 3)=40,0000000e+ D
«[ &1=4+9,.2500000e~ 1
x[ 5)=+42,5000000e~ 1
4153 B515e= 2 b1=+1,8300

ol 21%46,2465928¢~
ol 31248, 75688840~
Rl 4)245,.2383970ew
ol 5)=+3,3107670e~

e= & €18=1,0573e~ 6

3
6
3
4
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(vi) Finally a specisl method due to Pekam!™! is used to dear with

1 PROGRAN pekam
functions which are sums ol squares, 2 BEGIN
3 INT n?
[ ni=2;
, 5 (1:n) PHOC ¢ REF [ ] REAL ) REAL ¢}
: ] {t:n) REAL x0,de:’
7 reaal(x0,de))
]
9 PRUC gaussox( INT ns REF (,] REAL a, REF C ) REAL bsx) VOID t
10 JEGIN
1t INT ml:
12 REAL maxsw’
13 FOR r TO n=-1 DO
T4 BEGIN
15 max:m ABS alror):
.18 LIS LT H
17 FOR i1 FROM r+1 TO n BO
18 1F A4S slilsrd>max THEN max:w® A3S ali1.r)Yimiz=41 FI w0 ?
19 IF mL/=r THEN
20 FOR i1 FRO"M r TO n DO
21 Cuzealml, 112 almlsi1):malrpitTinlrsi1dz2w) 0O 2
22 wishmi) olmtdssplrdiolrlexy
23 Fr .
2% FOR 1 FROM r+1 YO n 0O
25 {wiz-alitorlialrsrd;
' 2é FOR 42 FROM r TO n 00 al11,i2) PLUSAB w+talr,i2) 00 ;
27 ol{1] PLUSAS web(rl) OO
28 END OP
29 x[nlz=sbln)/alnsni?
30 FOR {1 FROM n=1 BY =1 TO 1 00O
-3 | txCiti1=plit])]
! 12 FOR 12 FROM #7141 TO n DO x{{11 MINUSAD x(12)*aCi1,12) 00 3
33 xC[i1) pivas aCi1,111) ob
34 END
: 35
316 PROC ma={ REF [(,) REAL a.bsc) vVOID :
k¥4 HEGIN
38 INT ni= UPR asnli=2 UPB asm2:® UPB 0,0tm2 UPH b;
3y IF m1/=m2 OR UP9 c/=n OR 2 UPB c/=p THEN
40 orint{{nevwline,"bounds mismatched™)}
&1 ELSE
42 FOR 41 Ty n DY
43 FOR 12 TO0 p DO
44 ( REAL s:=0,0;
45 FOR 3 TO a1 00 s PLUSAB al41,13)+0([43,42) 00
&6 cCi1,i2]31=3) OO
&7 08 fFI
[ .] END
49
50 PROC tr={( REF (,] REAL a,b) VOID :
51 BEGIN -
52 INT nie UPB a,mi:n2 UPH hymiim? UPB as,w2i= UPB b;
53 IF m1/2m2 OR n/=m
54 THEN print((newline."tr mismatch tounds®))

»



55
56
57
58
59
&0
&1

62
63
&4
45
66
67
68
69
70
(A

T2
73
Th
75
té
(&4
78
19
0
A1
82
23
g4
35
b1
a7
58
89
90
91
92
93
9%
9s
96

98

99
100
101
102
103
104
105
10
107
108
109
10
m
112
113
114

137

ELSE
FOR #1 Tu n DO Fud i2 TO m1 00 £Ci2,11)22ali1,i2)
0p ob F1
END

PROC mwa( REF [.) AEAL a, REF [ ] REAL v.bh) vOiID 3
BEGIN
INT nl1:= UPE asnZ2:=2 UPE ar,n33= UPB vsnkl=® UYPR b}
1F n2/=n3 OR nl1/=ni
THEN print{{neuline,"av anismatch”))
ELSE
FOR 41 70 n? DO
{ REAL »#:=0.0/
FUR 12 TOo n2 Dy s PLUSAS ali1,i23xv[i2) 0D
bCi1ls=y) OO

END

PROC fout=( REF {+] REAL us REF [ 3 REAL sl) vovD 3
BEGIN
INT n1:= UPB xsn2:=2 UPB x.,nl:s UPR si?
FURMAT ft1=sL15{+d.9de+t2a3x)3,
feamel " ("Tza"i™1*;
For i1 TO n2 DD
(orintt((ft2,i1)):
printfl(ftl,al »i11))) up?
co
printf{{fti.sl)):
co
T2 4 DO neulinel(stani out) 0D
chd

PROC oekam={{ ) PROC ( REF [ ] REAL ) REAL fs REF C ) REAL «Dscdes
INT noms REAL o) VOID @
BEGIN
INT pEn+lenty;
(1:n,1:n) REAL x3 I
E1:m,120) REAL fa?
[1:n] REAL xoar:?
(1:0) KEAL wews.sis
FORMAT fti1=%l+d.Bdet+zd%,
ftemSL+d, Pderzdab (In+d,9de+2d4)8,
ft3sSt™acceoted new point is x[ ,*62d™1"L%;
REAL smanessmines2;
INT ai?

PROC newn=( INT so, BOOL replace) VOID 3
BEGIN
(t:ns,110p) REAL xprar2:
C1:a,1300) REAL fp;
[1:ppstin] REAL =xot;
[(1:pos,1:m] REAL for;
C1:n,12m) REAL arl;
{1:tn,12n) REAL ar:
[1:n)] REAL bDs2zsnx;
REAL s1,32,uw2ewd;
INT »l;
[1:m) REAL newf;
smat=gl[1}7mLz=1;
FuR 11 FRU® 2 TJ oo Du

11s
116
117
118
11%
120
121
122
123
124
125

" 126
. 127

128
129
130
12 )
132
133
134
135
136
137
138

. 139

140
141
142

T 143

144
145

- 146

147
148

- 149

150
151
152
153
154
155

- 156

157

" 158

15%
160

- 161

162
153
164

" 145

166
167
168
169
170

- 17

172
1”73
174

138

IF stLi1l>sman THEN
smax:sslifitlimls=iq
FI
no’
$1:20,0:2
FOR i% TO po BO st PLUSAB ws[il1l 00
FOR i1 TO0 n DO
(32:=0,0:
FOR i2 Ty op DU $2 PLUSAR wsli2)+x[il1,42] 00 ;
xbarfi1):=32/31) 00 ;
FOR i1 TO n DO FOR i2 TO pp DO
xoli1,12)emuCi2latxlit,42)=xbarCit])
yb ub;
FOR 17 T0 m DO FOR 12 T0 po 0O folilri2)tmuli2)0fali1,i2)
oo obs
trixosxat)?
tr{fo,fot);
wm{xnsfots-arl);
anlarisfo,ar);
malar2,xntsar)?
mviar2,willzoonl,b);
qausspinsar,b,z)i
mmi{xpsxotoar);
aviarszenx);
FOR 41 TO n 20 naCitl:w=nx(it11/stexbarlil) oD ;
s2:asmant+1,0;
TO 10 JHILE s2>smax 0O
BEGIN
FOR 41 TO m DO newfCi1ls=fE411tnx) 0D
arint{{nedlines"new point is%,newlinel);
orintfC(ft2,nxd}?
printl{{neulines"valuer of » functions at new point ",newlinel):
orintt{{ft2,neutf)):
$2:=0,0;
FOR 11 TO m DO 32 PLUSAD nesflillsnewt(it) 0D ¢
IF s2<ete THEN xDisnx? GOTO tin FY }
wital 0/s2:
w2essggrt(wl)’
IF s2>swan THEN
REAL wmin? INT mn’
print(inevline,"unacceptable coint",neuline)):
min:agtl{11imns=t;
FOR i1 FROM 2 TO oo D0 IF stLi11<nin THEN mini=slCi1):mnzuid
FI oOD;
FOR i1 TO n DO
nalitl:s(u2e(nelitl=xbarCi1))¢wlonde(alitonn)=xbar[it11))
ftuw2+uland)) txbarlit1l
ob
FI
END DD :
IF replace THEN SKIP GELSE mi:=pot+?t F[ §
FOR i1 TO n DO x{it,mlls=nx[il1] 0D
FOR i1 TO m DO falilemid:=¢{i1)(x »ml]} OO HE
s231=0,0;
FOR i1 TO m DO 82 PLUSAB faCitemll*falit,mi] 0D ;
sliml]2=32;
orintfC(fe3,miL));
print{(newline,"x-values™));
printf((fe2.x( »ml1));
orint({newline,"f-values”));



175
176
177
178
179
180
181
182
183
184
185
186
18?7
188
189
190
191
192
143
194
195
196
197
198
199
210
20
202
203
204
205
206
207
208
209
210
ean
212
213
214
215
216
217
218
219
220
221
222
223
224

4]

=
fin:
END

€1
8E6

<
+

(

END
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printf((ft2,fal »nll));
orint{(newline,"s2=",52,neuline));
wslmlls=1,0/s27
wimlYsosgreCuwsiald)

END

C +»1):=x0:
FOR 11 FROM 2 TO nt) bOD
(xl »i1):=x07
ilit-1,i1] PLUSAB deli1=1]) 00
FUR 31 T n#1 Pu FuR §2 To m Dy fali2,411:=f042(xL »317)
0b 0D
rintfC(ft1,20));
FOR 11 TO n+1 0O
(s2:=0,0:
FOR 12 TO w 00 s2 PLUSAB fali2,111+F5Ci2,111 0o ;
sl{i1):=s2;
wsli1):31,.0/82:
wlil)tmsqre{uwsCi1Y)} 0o
FOR 11 FROM n+2 TO p DO
news{i1-1, FALSE } 0np ;
FOR ia
WKILE
ia<50 ur
(sminzzg (1) aizey?
FOR i1 TO o D0 IF slLi1l<amin THEN smins=stCi1)2mizumil
[+] 1 4
smindede)
[ 1Y)
BEGIN
fout(x,sl);
newx (0s TRUE ) )
END  ul 7
O:inx{ ,mtd}
sKIp

t=( REF [ ] REAL x) REAL :

IN

REAL cle2cos(xl11)sc¢2sucos(xl2)sntanl1)=-x(23};
IF ABS w<®1,0e-20 THEN

REAL s1:wgin{x{2])?
x(2)ex(2]=pivpt/RdIn(=g1=yaec2/2)/2
(u{2)=pi/2)n(c2+unnl(2)%c2/2+x[2)0s1)41~s1
ELSE

w{1)exf1)-pidpi/éreatet=c2)/2lv
+Hxl11=pi/2)*(x[1)%c2-x[232ci )/ utl~sintxT1])
FI

.
’

Fi

225
226
227

. 228

229
230
23
232
233
234
235
2346
237
238
239
240

END
FINISH
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f02):=¢ REF € 1 REAL n) ReéAL 3

BEGIN
REAL ctivcos(x{1)),¢2:ncos(xl2)), uwexxll)=-x023;
IF ABS w<=1,0e-20 THEN
REAL s1:=3in(x(2]}?
{24024 (-gt-urc2/2) /2420210 c2+unxC2)0c2/24xL2)4s1) =21
ELSE
x{2}wal2InCel1=c2)/2/ud {20 Cx01I0c2=nl2)%c 1} /u~2in(x[21}
Fl

END

pekam{f,x0sdernen,y, De=07):
FOR 41 T0 n DO
printfC(sL"x(™6z2c,"1"+d.9de+2d%,11,x0C§11)) oo
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pekaa
0.0 0.8
0.5 0.5

+0,00000000e+ 0
+7.99999997¢~ 1
new point i

+4.981907420e~ 1 +9.8178569630e- 1
value of m functions st new point

-~3.988553958e~ 2 +3.568022217e¢- 2
sccepted new point s «[ » 4]

x~values

+4,9519N07420e~ 1 +9.617869630e~ 1
f=-values

«~3.988553956e~ 2 +3.566022217¢= 2
s2% +2,B6250771% -3

new point iy

+4,079880677e~ 1 +1.048247248e+ 0
vaélue of m functions at new point

~2.187873051e~ 2 +1.602199474e= 2
dccepted new point is 1l » 51

i=~values

+4. 079880677~ 1 +1.04824724Be+ O
f=values

=2.187873051e= 2 *1.602199674e~ 2
s2= +7,.35383226e =4 '

al 13

+0.000000000e+ 0 +7.999999970e- 1
al 2]

+5.000000000e~ 1 +7.999999970e~- 1
al 1

*g-OOOOOODgﬂcf 0 #1.299999997e+ 0O
X &
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+4.981907420e~ 1 +9,617869630e~ 1
x[ 51

+4,079880477e~ 1 +1,048247248e¢ 0

new point is

+3.6149730%1e~ ¢ +1,111135334e+ 0
value of » functions at new point

~5.184184760e~ 3 +1.,670107245¢e~ 3
accepted new point 13 x[ 3]

f:-vllues

43.514973097 e~ 1 +1.111135334e+ 0
f-values

*5.184184760e- 3 +1.670107245e~ 3
s2a +2.96650298e -5

al 1]

+0.000000000e+ 0 +7.999999970e~ 1
xL 2]

+5.,000000000e~ 1 +7.999999970e¢~ 1
[]4 3)

+3.514973091e- 1 +1.111135334e+ 0
al 4]

+4,.981907420e~ 1 +9.617869630e~ 1
xf 5]

+4. 079880677~ 1 +1.048247248e+ 0

new point is

+3.5786%1706e= 1 +1.132003501«+ 0
value of m» functions at new point

=4.190951586e~ § =7.445737720e- &
saccepted new point is x[ » 11

x=values

+3.578691706e= 1 +1.132003501¢+ O
f-values

~4.,190951586e= § =7.445737720e~ &
82% +5,561456510e -7

xC 11

+3.5786%91704e- 1 +1.132003501e+ O
x[ 21
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+5.000000000e~ +7.999999970e~ 1
xL 3]
+3.414973091 e~ +1,111135334e+ 0
el 4]
+4,981907420e~ +9.617869630e- 1
xl 5)

+4,079880677e- 1

+1,.048247248e¢ 0

new point is

+3.621690311e= 1 #9.1321256495¢+ 0
value of » functions at new point

=3.615505993e~ &  +3,51682305%5e- 4

accepted new point is x[ » 21

x=values

+3.6216%90311e= 1 +1.13212%495e+ 0
f=values

=~3.,615505993e~ 4 +3.516823053e~ &
s2= +2,54399282e ~7

xC 1]

+3.578691706e- +1.132003501 e+ 0
xl 2]

+3,621650311 e~ $1.132126495e+ 0
aL 3]

+3.616497309 e~ #1.71111353342+ 0
x [ 4]

+4,981907420e~ +9.617869630e- 1
x[ 53

+4, 0798806770~ +1.0648247248e+ O
new point 1

+3,610395193 e~ 1 +1.133403003e+ 0
vatue of m functions at new point
+2.337247133e~ § -3,197044134e~- S
accepted new point is x[ » 41
r=values

+3,610395193e- 1 +1.133503003e+ 9O
f-values

#2.337247133e~- 5 =3.197044134e~ 5

144
522 +1.56838154e =9
xl 1)
+3,5784691706e~ +1.132003501e+ 0
xl 2]
+3.621690311 e~ +1.132126495¢+ 0
xL 3)
+3,614%73091 e~ +1.111135334e+ O
xC 4]
+3,610395193¢~ +1.133403003+ 0
(14 51
+4,079880677e~- 1 +1.048247248e+ D
new point is
+3.611487933e~- 1 +1.1333537528e+ 0
value of m funttions at new point
=5,923211575e~ 7 +9.760260582e~ 7
accepted new point 43 x( » 5]
x=values
43611487933~ 1 +1.133337528e+ 0
f-values
~5.923211575e~ ? +9.760260582e~ 7
s2= +1.30347122e~12
xC 11
+3.578691706e~ +1,132003501e+ 0O
xC 2]
+3.5621690311 e~ +1.132126495e+ O
x( 3]
+3.69497309 e~ +1,.111135334e+ O
xL (%]
+3.610395193¢~ #1.133403003e+ D
=0 51
+3,611487933e~ +1.133337528e+ 0
new point fis
+3.,611453846e~- 1 +1.1333338913+ 0
value of m functions at new point
+7.450580597e- 9 ~7.450580597e- 9
xC 1143,611453046e- 1 -

xL 2]*1,133338913e+ 0



145

Beading List
(3 G, P.E.. Murray. W. and Wright, M.H., "Practical Optimization™

Academio Press 1081.

(2) Murray., W. (ed.), ‘*Numerical Methods for  Unconstrainod
Optimization® Academic Press, 1972,

(3 @. P.E. and Murray. W. ‘*Numerical Methods for <Consirainod
Optimization® Academio Press. 1874,

4 Fletcher, R.. “Practicai Methods of Optimization®, Vol. ¥ and |
John Wiley and Sons. Chichester 1981,

146

Belerences
Q)] Walsh. G.A.. ‘“Methods of Optimizallon®. John Wiley and Sons
1975,

12 Powsll. M.J.D.. "An efficient method for finding stationary values of
& function without oalculating derivatives®. C.J. 1. 308307,
1988,

(&) Davidon. W.C.. “Variable metric method for minization®., A.E.C. R

and D. Report  ANL-5890 (rev) Argonne  Nationat
Laboratory 1058,

4} Broyden. C.Q.. ‘"Quasi-Newion Methods and their application to
function Minimization®, Maths. Comput. 21. 368-381.

(3] Rosenbrock, H.H.. *An sutomatio method for finding the greatest or
least valus of & function®, C.J. 3. 175~184, 1960,

e Nelder. J.A. and Mesd. R.. °“A simplex method for funotion
minimization®. C.J. 7. 308-313, 1965.

m an, P.E. and Murray. W.. “Newion—-lype mathods for unconsirained
and linesrly oconstrained optimization®. Maths. Prog. 28.
311-350. 1074.

{8) Flatcher, R. and Powell. M.J.D.. °*A rapidly convergent desceni
method for minimization®. C.J. §. 163-188. 1903.

(8) Dixon. L.C.W., ‘“Guasi-Newion aigorithms generate identioal pointa®,
Maths. Prog. 2. 383-387. 1972,

(100 Huang. H.Y.. ‘“Unified approach o quadratically convergent algorithms
for function minimization®, 4. of Opt. Th. and App. 5.
405-423. 1970.

m Flacco, A.V. and McCormick. G.P.., “Non-linear programming:
Sequential unconstrgined minimization techniques”’.
John Wiley and Bons. 1968,



121

0

Mn4]

nsi

e

nn

47

Poweil. M. J.D.. A method dor non-linear constraints In
minimization problems In optimization®, (B. Fleicher., Ed.)
283-298, Academic Press 19080,

Dixon, L.C.W. “Conjugate directions without linear searches". J,
insi. Maths. Applics. (19730 ]]. 317-528.

Feckam. Q.. "A new method for minimizing a sum of squares with~
out calculating gradients®, C.J. 13. 4. (1970), 419-420.

Winfleld, D.. °Function minimization by imerpolation in a daia table.
J. insl. Maths. Applice. 2. (1973). 330-347,

Storey, C.. “Optimization using rational functions” MWathematios
Research 131, Loughborough University of Technology.

Hyslop. J.. ‘A note on the ascouracy of optimization techniques®.
C.J. 15. (1972, 140,






