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OPTIM: A MULTIDIMENSIONAL NONLINEAR
OPTIMIZATION CODE

D. R. Haffner

ABSTRACT

The optimization computer code, OPTIM, is designed to optimize
nonlinear problems iteratively for ten or less iﬁdependent‘variables
by applying a differential approach to a quadratic function with
interaction terms derived from a least square fitting technique to a

known sample set of data.
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OPTIM: A MULTIDIMENSIONAL NONLINEAR
OPTIMIZATION CODE

D. R. Haffner

INTRODUCTION

The need for a generalized optimization code was realized for vari-

ous optimization problems encountered in reactor fueling analysis. The

ultimate goal of this optimization code was its incorporation into the

(1)

Fuel Cycle Analysis Chain of computer codes named FULCYC, so that opti-

mum fueling of Hanford reactors can be investigated for the MFC-12 program.

Many optimization codes have been developed with wvarious levels of

complexity. The requirements to be met by the optimization code, OPTIM,

were:

1.

2.

Must be capable of handling nonlinear optimization problems,

Must require minimal calculation time per iteration within OPTIM
{(less than one minute),

Must be flexible to allow use with other computer codes,

Must be capable of optimizing a system having ten or less inde-
pendent variables (it was felt that many optimization problems
exist with ten or less independent variables), and

Must be capable of converging to an optimum solution in a reason-

able number of iterations (less than 10 iterations).

After extensive research into optimization codes existing and in use

at Hanford and many offsite sources, decisions were made to develop a quad-

retlc regression analysis technique to fit a guadratic function to each
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set of data points generated per iteration. After fitting the data by a
Least Squares Method, a differential approach would then calculate a pre-
dicted optimum point which would then be used as the basis for the next
iteration.

A version of the quadratic regression analysis technique used in an
optimization code, LOLA,(g) developed here at Hanford was adopted for
OPTIM. LOLA was developed basically as a research tool and has both lin-
ear and quadratic regression analyses but lacked the iterative features
required, was too slow for our purpose, and required extensive modifica-

tion to become flexible for use with other computer codes.

To eliminate confusion as to the meaning of experiment link and

experiment, the following are defined:

1. ZExperiment link refers to the analytical model used to compute

the dependent variable for a given set of values of the indepen-
dent variables. This link will change for each different opti-
mization problem.

2. Experiment refers to a data point defined by one set of n indepen-

dent variables.

The differential approach to optimization for OPTIM was chosen over
a steepest gradient (maximum ascent or descent) method mainly because
theoretically for well-behaved systems which can be described reasonably
well with a gquadratic function, the region of the optimum would be reached
in much less time than by a steepest gradient method which must "step" its
way to the optimum. Considerable computation time in the experiment link

(FULCYC in the present version) is therefore saved by using the differential
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approach. However, 1f the physical system is not well-behaved, OPTIM
will revert to a method very similar to steepest gradient by "stepping"
its way to the optimum.

Only minor program modifications are necessary for optimization prob-
lems requiring a different computer code than the present version coupled
to the Fuel Cycle Analysis Code, FULCYC (Figure 1 below). The subroutine,
GENRAT, must be converted to transform the set of requested experiments
into input data for the experiment link used for each particular optimiza-
tion problem (such as FULCYC in the present version). The present version
of OPTIM has a limit of six independent variables because of core limita-
tions imposed by FULCYC. This limitation may be raised simply by expand-

ing the array dimensions within OPTIM.

GENRAT
(Communication
Link)

Experiment
Routine

(FULCYC)

Figure 1. “inkage of OPTIM with an Experiment Routine
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OPTIMIZATION TECHNIQUE IN OPTIM

The optimization technique used in OPTIM is based on the differential

approach. Differential approach refers to the fact that the slope or the
first derivative vanishes or equals zero at the optimum.

The system to be optimized having n independent variables and one
dependent variable is assumed to be a function which can be represented

approximately by a generalized quadratic equation of the form:

n n ) n :
y = Boxo + izlsixi + izl Biixi + i¢§=18ijxixj (Eq. 1)
where:
y = dependent variable or objective function
xi,xj = independent variables, xo =1
n = number of independent variables
BO = constant term coefficient
Bi = linear term coefficients
Bii = quadratic term coefficients
Bij = interaction term coefficients

Essential to the differential approach is the assumption that the ijec—
tive function is continuous and differentiable in the region bounded by
the constraints of the system.

To arrive at a function describing the physical system, a sampling of

experiments in a particular region is necessary. The sample set assumes a

base point is established about which sampling is done by changing the
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values of the independent variables, Xs 5 by prescribed deltas, Gxi. Sampling

about the base point yields a set of data,

110 Xp10 310 cccXpye Y3
X100 Xppr Xzps eeeXpny Vo
1m* *om® *3mr o Fame Ym

where m = the number of experiments performed and m> the number of B coef-

ficients = 1 + 2n + Eig:il .
By substituting this set of data into the generalized quadratic equation
(Eq. 1) and rearranging, the xi's and y's can be treated as knowns and we can

now solve for the B coefficients which will approximate the physical system.

i ool ] ‘
B x + B.x, + B..x.” + B. .Xx.X, = ¥ (Eq. 2)
oo .2 i1 i=1 iivi i#5=1 iJ71i7)
If we define the following:
Xl z xo
X =T X
2 12 (Eq. 3)
X Z x
3 i
Xh = xixj
then
) ) )
X8+ X, B, + X.8 + ) XB.. = Y. (Eq. 4)
10 18, 21 12 37id 1 45=1 L¥ i3



To express this in

formed;

11

21

[x]
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matrix form we also define for the m experiments per-

SPERSE
X X5g
Xm2 Xm3
BO

Xy

Xoy

m

i }
and Y
Bis| ° [

such that for the given set of data;

[x] [s]

After inverting and

H =[xt

N

.solving for [B] ’

o]

¢ (Eq. 5a)

} (Eq_o 5b,5C)

(Eq. 6)

(Eq. T)

This method of inverting an nxm matrix where n # m is referred to as

a generalized matrix inverse,

(3

)

A definite advantage is gained by using

this matrix inversion routine in that it applies a least squares fitting

to the data simultaneously in the matrix inversion.
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At this point we have determined a particular quadratic equation repre-
senting approximately our physical system which we are attempting to optimize.

Having the approximate function describing the system, we determine the
point at which all slopes equal zero (the predicted o?timum) by taking the
first partial derivatives with respect to each independent variable and set

these equal to zero as follows:

Y r - F i - -
¥ - -
X 0 2By Bip BygeeoByy *) By
Y - -
3%, 0 By o 2By BygeeebBoy X5 B,
° ° . . . . = ° (qu 8)
>
A -
axn 0 ] Bln B2n BBn 28 xn Bn

or in simpler matrix form

(8] [x*] - [-e'] (Eq. 9)

where
[-g“] = first order coefficient vector
[B°“] = second order coefficient matrix, and
[x*] = optimum independent variable vector.

From Equation 9 the values of each independent variable at the optimum

are determined,
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[x*] = [g--]1™1 [-B‘] R (Eq., 10)

These values are then considered for the next iteration to be the base
point about which sampling will occur. This base point is then compared
with the previous base point and when all independent variables have
moved less than a specified tolerance, €. o the optimum is assumed to have

i
been attained,
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APPLICATION OF OPTIM TECHNIQUE

Constraints

Essentially all physical systems have constraints; i.e., each inde=
pendent variable has a maximum value and a minimum value that physically
are invalid, impractical or impossible, Therefore to constrain all inde-
pendent variables within their specified bounds, whenever the derived
quadratic function predicts an optimum outside the boundary, OPTIM moves
the variable in violation to the nearest boundary., Although constraining
one or more independent variables may result in a base point not exactly
on the surface of the function, this problem is resolved in the next
iteration,

Sampling Methods

The choice of the best sampling method about the base point depends
mostly on the behavior of the physical system and in some cases on the
computation times necessary for each experiment. If the system is rela-
tively well-behaved and can be represented quite accurately by the derived

quadratic function a full replicate(h) (5)

or fractionated replicate design
about the base point may result in rapid convergence to an optimum. How-
ever, if the quadratic function can only approximate trends of the system
and/or the computation time per experiment is large, a minimal sampling
set (only the experiments needed to measure each B coefficient) may be
advisable, The flexibility of OPTIM allows for the use of any sampling

method chosen,

Normalization to Reduce Errors

Because of the possibility of a large range of numbers between inde=-

pendent variables appreciable roundoff and truncation errors are likely to
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occur in the process of optimization, especially in the inversion of matrices.

Normalizing the independent variables will greatly reduce these errors.
Associated with each lndependent variable is a delta, 6xi, which in

sampling defines the magnitude of the move away from the base point for the

ith varieble., This Gxi is the factor of normalization for that particular

independent variable, In other words all xi's are normelized to multiples

of Gxi“s before being "digested" by the optimization routine.

Levelizing of Effects - Reduction of Deltas

An assumption is made in OPTIM -- this being that all independent vari-
ables should contribute to the total objective function. Although one
independent variable may have more significance than another, "levelizing
of effects” reduces the chance of completely "washing-out"” a less-signifi-
cant independent variable, Levelizing of effects is accomplished by adjust-
ing the reduction of the individual Gxi"s in the following fashion:

l. The most-significent independent varisable, X4 is divided by the

maximum reduction, r__ (normally 2.0)

Gxi = Gxi/rm (Eq. 11)

ax’

2. Lesser-significant independent variables, x 's, are divided by a

J
factor between rax and 1.00 reflecting the ratio of the gquadratic

B coefficients, Bii/sjj.

axg = ox, [min(rmax,/iéii DV2 . (Eq. 12)
3J

Reduction of Gxi”s is also an important feature which is necessary as

the optimum is being approached., In essence OPTIM is looking in finer detaill

in the region of the optimum, *
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Acceptance of Predicted Optimum

Several tests of the function and the predicted optimum are made before
the predicted optimum is accepted as the base point for the next iterationm.
The experiment yielding the most optimal of all samples is retained for
future reference by OPTIM. If this pseudo~optimum from previous iterations
is more optimal than any experiment of the present iteration, it is included
as an additional experiment. Normally the pseudo-optimum will be replaced
at each iteration, however, this retention of the pseudo~optimum will elimin-
ate the possibility of diverging if the tendency occurs.
The following tests of the function and the predicted optimum are made:
l. Analysis of the coefficients of the quadratic equation reveals
whether a saddle exists or the function indicates meximizing or
minimizing. Analysis of the coefficients of independent variables

in pairs of X:s X for i # J proceeds as follows:

J
t = B® - AC (Eq. 13)
i3 .
2
—4 -—-a—L-a—-n:
where B o, axj Sij (Eq. 1lka)
42
A = —%— = 28.. (Eq. 1Lb)
11
9X.
1
42
C = ——se = 28 ., (Eq. 1hec)
ax2 JJ
J

a, If tij > 0, a saddle exists with respect to X; and xj, and the pre-
dicted optimum is ignored.
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b, If t,, = 0, an indeterminate function exists, and the predicted

i)

optimum is ignored.

c. Ift,, <0, and A+ C > 0, the function indicates a minimum exists,

iJ

or if A + C < 0, the function indicates a maximum exists.
If the extremum indicated by A + C is contrary to the problem
solution of minimizing or maximizing the predicted optimum is
ignored,
2, If the average error-of-fitting is greater than a specified amount
(currently 10%), the predicted optimum is ignored.
3, If the predicted optimum is less optimal than the pseudo-optimum
retained from previous iterations, the predicted optimum is ignored.
Only when all of the above three tests are satisfied will the predicted
optimum be accepted as the base point for the next iteration, If any test
fails the pseudo-optimum is used,

Internal Alteration of the Minimal Sampling Set

When a minimal sampling set is used, additional analysis of the inter=-
action coefficients of the quadratic function will allow if necessary the
alteration of the sampling set to investigate more optimal regions.

If the contribution to the objective function of any interaction term
is contrary to the direction of optimization, the sample set measuring this
interaction term is altered by inspecting each respective linear term such
that the sampling will be performed in a more optimal region.

Partial Derivative Printout

Included in the OPTIM computer printout, (Appendix C) immediately after

the tabulation of each experiment are the partial derivatives for that experi-

ment. These may assist in determining optimizations trends, however they are

nct used internally by OPTIM,
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APPENDIX A

INPUT REQUIREMENTS OF OPTIM

Input to OPTIM consists of three types of input cards: (1) two control
cards (Figures 2 & 3), (2) n independent variable cards (Figure L), and (3)
the sample set cards (Figure 5). Additional to these cards are the data
cards necessary to the experiment routines which may vary according to the
particular optimization problem. These may be divided into ten-or-less
segments as defined by the first control card., A segment is defined as a
set of basic input cards which remain unaltered for an optimization run.
This implies that the changing independent variables are input via "change"

cards generated by Subroutine GENRAT and inserted between the segments,



Card Column

Card Column

Number of Cards in Segment 1 (Always OPTIM) - (I3)
-~ equals number of independent variables + 1, (n + 1)

Number of Cards in Segment 2 - (I3)

N\

N A I I N IS S S N |

I 1-3 I L-6 I — l ——— I _— | _— I _— I -— l — I 28-3%

l Etc. for up to Ten Segments - (8I3)

Figure 2. Control Card #1 Format

Not Used - (4X)

Dependent Variable (D.V.) Name - (A6)

D.V. Epsilon (Previous D.V. - Present D.V.) - (E10.3) -
Present version does not have this option

Maximum Allowable Iterations - (IS)

Number of Experiments in Sample Set - (I5)

l (- for Minimizing, + for Maximizing)

y

'
|

|1-hl 5-1oi 11 - 20 | 21-25|26_3o’

Figure 3. Control Card #2 Format

T66~TMNG



Independent Variable (I.V.) Name — (A6)

Base Value (First Guess) - (E10.4)

Maximum Constraint - (E10.L4)

Minimum Constraint - (E10.4)

Delta (Sampling) - (E10.4)

I.V. Fpsilon (Previous I.V. -

Present I.V.) - (E10.L4)

Eight Optional Fields - (8I3)
™

\ ,

] | | | | |

|

|

|

|

N

Card Column |1 -6 | 7 - 16 I 17 - 26 ] o7 — 36 I 37 - L6 | L7 — 56 l

Figure 4. Independent Variable Card Formset

5T

80

-6'[-

T66~TMNI



Card Column

Delta Factor for ith Independent Variable, Exper. 1 - (F5.0)

Delta Factor for ith Indep. Variable, Exper. 2 - (F5.0) '
n
o
i
Delta Factor for ith Independent Variable,
Exper. 3-16 - (14F5.0)
Y 7 —" N
M (S O T T A I O
[1i-slé-1of1i-as] -1 -1 -T-T-T-T-1T-1T-1-]re-80]
td
;
Figure 5. Sample Set Card Format N
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APPENDIX B

FORTRAN SOURCE PROGRAM LISTING

The following contains a source program listing of the present version
of OPTIM which is linked to the Fuel Cycle Analysis Chain of codes, FULCYC,
OPTIM is written in FORTRAN V language for the UNIVAC 1108 computer and
makes use of several magnetic drum files established within the OPTIM sube
outine,

A flow diagram of OPTIM is illustrated in Figure 6,
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Yes

READ
INPUT
DATA

INITIALIZE

SET
PREDICTED
OPTIMUM
EQUAL TO
FIRST GUESS
(INPUT)

SAMPLE ABOUT
PREDICTED <

READ
RESULTS
OF m
EXPERIMENTS

DETERMINE
QUADRATIC
FUNCTION

CALCULATE
OPTIMUM
VALUES OF
n I.V.'s

BNWL-991

CHECK
VALIDITY
OF FUNCTION

CHECK OPTIMUM
VALUES WITH
CONSTRAINTS

SOLUTION
No

OPTIMUM

PERFORM
EXPERIMENTS

FIGURE 6.

SOLUTION
?

FLOW DIAGRAM OF OPTIM

WITHIN € OF LASTN\J)gS

PRINT
OPTIMUM
SOLUTION




Source Program Listing

1 ___CuMOx FCOP¥
o T T coMMON  IDUM{1o00) T Tt
3 COMMON  DVNAM+EPSIYyNOIVeNOSAMPMAXITReNEXCH? LASCH» ITRSW,NOITR
4 COMMON  VARMAM(67Y +BASE(6) ¢+MAX (6) MIN(B) ,DELTATR) +EPSIX(S) e IVF (0B ¢8)
5 COMMON  X(6eT77) o Y(TT7) 1 XF{6) yYFrX0(6)rYO,SMPSET(6¢77)DELTS(6)
TR T T T COMMON "HSTIOY »SCUI4 100 s MINMAX » JEPSYMM, MAXY s MINYyNBEST 7777777777777
7 COMMON XP(28277) ¢+ XINV(77+28) ,FACTOR(6) yA(28:28)yD(6¢1) nBETA(1o28)
T - e & { =1 Y N /' 430 2
9 C
15 DIMENSION ICDTG) » IFD(BY » NCCTE) T NSO (5T
11 EQUIVALEHNCE (ICD(1)»IVF(1r1)) (IFD(l) rIVF(192)) 2 (NCC(1)»IVF(1+3))
Ly T T T T TUTTEQUIVALENCE T T TINSQUL Iy IVRE UL e )y T T T e e e e e s s e
13 EQUIVALEHCE (NSOsMNS(1))r (NSL1,NS(2))r (NS2eNS(3)) s (NSIINS(H))
L |
15 c
16 L

T66-TMNG



1* SUBROUTINE OPTIM
¥ INCLUDE COMO,LISY -
3* C
B COMMoIT "IDUM{100Y TTTTTTttTrrmhrmmmmm e e T
3% COMMOiII DVHAMPEPSIY NOIV, NOSAM'MAXITR'NEXCH LASCH» ITRSW,NOITR
Tak COMMOIT " VARNAM (&) » BASET6)Y ¢ MAX(6) yMIN(BY » DELTA(O)Y yEPSIX(S) v IVF (5e8Y 77
4 * COMMOII  X(B8eT77) s Y(7T7) e XF(E6)rYFsX0(H) s YOrSMPSET(6¢77) +DELTS(6)
e COMMOTT NSTIQY»SC{14,yI007 » MINMAX, JEPS MMy MAXY , MINY  NBEST ™ —
3% COMMott XP(28:77) cXINV(77r25) 'FACTOR(G) rA(28'28) 'D(Oll) +BETA(1,28)
R T REAL T MAXeMINT T 0 Tttt o mmmmmmmmmmm T
3* C
<k T T T DIMEMSION TICDUS)Y Yy IFD(B)Y FHCE(6) y NSQ(OY T TTTrTTTTeTTTTrTT
2% EQUIVALEMCE (ICD(1).IVF(1, 1))p(IFD(l)cIVF(ch))o(NCC(l)vIVF(l 3))
<% EQUIVALEIICE (NSQ(1)IVF(1,4))
g——mmmﬁnszmmrm——
3% EMD
e o
3% C
BT S 0 41 24159 11 Al 0§ £ 2 £ et -
5% DIMENSIOMN PARTD(6) ¢ XFP(6)
¥ C
3* COMMOI! /TABULZ/ TS(7)2T7(7).T8(7) cT9(7) 2 T10(7)eT29(7) e TH(T)
=L A 2 5 A 4 20 I 0 & (O 20 3 1 1> 5 2 o
o* C
1g¥ 2 I
1% C
12* 100 FORMAT 1O T — -
13% 116 FORMAT (4XsAG9E19.3¢215)
E (T a 120 FORMAT A6 Y SELO BT 3~ oo -
1n% 130 FORMAT (13A6,A2)
Lgh T3t P ORMA T T Xy Ay~ o oo -
17% 132 FORMAT (13+,12A6,A5)

T66—"IMND



140 FORMAT t/766H “NUMBER OF INDEPENDENT VARTABLES SPECIFIED—EXCEEDS THE ~ =

1MAXIMUM, )

150 FORMAT (16FS,0) —~ —  — e

160 FORMAT (1H1)

200 FORMAT (1H17710Xy LIHITERATION NO» 13 -7 IHOEXPERIMENT y 14X ---—---—---m---- h

1¢17HFUNCTION PERCENT /10H NUMBER ,8X» A6 5X

27 “TBHAPPROX S CRROR 1 4X F5t6X /61747

205 FORMAT (25H0 MAXIMUM OF EXPERIMENTS/16¢3Xs1PE12.5¢25Xs1P6EL12,5)
206 FORMAT  (25H0 - MINIMUM OF EXPERIMENTS/I16v3X71PEL2751 25X 1P6EL123S) T

220 FORMAT (I1693X»1P2E12.5+0PFQ43,4X/,1P6EL2.5)

222 FORMAT (46XyIPBEL2,4) ~~ ~ 7 7 T mmromo T memooomom oo o

225 FORMAT (31HO AVERAGE ERRQR IN FUNCTIOHN =,F11.3/)

- 250 " FORMAT (20H —EFFECT OF "VARYING vAGT2H =+ F T 37F8.3)

©-362 FORMAT (/- -15X» - 19HABSOLUTE DIFFERENCE 4~ 12X3 1P6ELI235) ——~~~—~=--=--===-= ===

363 FORMAT (  15Xr 17HEPSILOM REQUESTED: 14X, 1P6EL2.5)

‘400 FORMAT (58H0 " THE TTERATION HAS COMVERGED —TO THE FOLLOWINS—SotyTio——

1N0 /)
450 FORMAT (34HD SOLUTION HAS NOT BEEN REACHED IM I4viOH-ATTEMPTS
IF ¢119(2) .6T. T19(1) ) Go To 1100

)

350 FORMAT (25H0 OPTIMUM OF FUNCTION  /21X»1PE12.5,13Xs1P6E12.5
360 FORMAT (/ 15X+ 14HPREVIOUS VALUEs — 17XpIPBEL23S) -~ -m-m=-mm === e
361 FORMAT ( 15X» 13HPRESEHT VALUE, 18X, 1P6E12.5)

§mmmmmm e

TCALL CSETDR (592657207 15000 TS) - ~7 7 -7 -7 o mmm o s s s e e

CALL SETDR (9028(720,40000,79)

U = 2ERET -
GO To 1150

1100 LU = 19 oo
REWIND 19

4150 COMTTHUE- - o s oo e e
READ (LU»100) NEXCHeLASCH» ITRSW

_ga_

T66-TMNE



Lok WRITE (3,100) NEXCHrLASCH,ITRSW
Lg# 7 UTTTIFTITRSW LGTL0) 0 60 TO 29007

S5p* C

5% C TTREADCINPUT DATA T e
S5p* c

5z% 1300 READ (2,100) (NS{Y1),I=1,10) T T
54* WRITE(3»100) (NS(I),I=1,10)

Sg# T T TTTROIV RS -1 ’ ”

5a%* READ (2+110) DVNAMe/EPSIYsMAXITR,)NOSAM

5% T T WRITELIAITIOY T DVNAMVEPSIY e MAXTTR,NOSAM — T T T
5g% MINMAX = NOSAM/IABS(NOSAM)

Sg* TUTTTT UNOSAM E TTABS(MHOSAMYy T T TTTTITmTI I e m e mm s s s e
6n* DO 1409 I=1,MOIV

B1¥ T T T TTTTTREAD (291207 VARNAMTTY yBASEUTY yMAXTIT Y MINTI T DELTATITVEPSIXTIT,
60% 10 (IVF{(Ird)rJ=1,8)

B3% T T WRITE(3120) VARNAMUT) »BASE(I) »MAX(I) yMINIT Y, DELTATT) VEPSIXTTY, ™
64* 1 (IVF(Ied)rd=1,8)

6% T UXOU(IYy TEBASE(TY T T T mmmommm s mmn mm e
66 * IF (DELTA(I)) 1350,1345,1350

67%¥ 1345 DELTATI) = TMAXUIT = MINTI) 171076
6a* 1350 DELTS(I) = DELTA(I)

69* 1400 CONTINWE — ~ ~ T T T e mm e e
To* JEPS = 2
T1* TTF (EPSTIYY "149Q»1590,1490 T T o nmmammnmm s s s m e m e

7% 1490 JEPS =
7% 7 TIBOE CONTINUE —— 7 T

Tu* DO 1600 I=1sMHOIV

T5* T READ {29150 T USMPSET( I J) » gR 1y NOSAMY T T e mm e mm e
Tt WRITE(3,150) (SMPSET(I,J)»y=1,NOSAM)

77% " Iégo TOMNTINMOE T T T T
Ta* IF (NOSAM «LE. 77) 60 TO 1700

Tgt WRITE  3.18Q07 T

8p* CALL CHAIN (0r4)

B < 3 D A4 + T + O 0 b {1 {2
8o* IC1 = 1

2 3% 3 S o e 1
8y* READ (2+,130) ((SC{I¢J)»I=1,14),4=IC1,LC1)

ok T TTTTTWRITE (3 I30Y TSI Iy IS, 18y JSTICT LT

Bt IC2 = LCL + 1

K5 2. 2N S o~ I o R ¥ -7
a8g* DO 1730 J=IC2:LC2

8g* T TUTF T{YTVER, (IT2#%GY Y GO TO 1725 UTTTTTTTT TToToTommm T e
9q* READ (2,130) (SC(I,J)eI=1syl)

9% 7 7 7T TUWRITETU3,130) (SC(Ty Y T=L, 18y T

9n% GO To 1730

9x% 7 1725 READ (2,132 " NULy(ST(Ied),T=g,13) 7 77777 mmmmm T
9u* WRITE (3+132) M4pe(SC(IvJ),1=21+13)

9c* 1730 CONTTHUE "~ 7 77 77T T o oy T T T e T e e T

Q¢ * IC3 = LC2 + 1
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97% LC3 = LC2 + MS3
Q¥ T ”“‘”"”RE‘AD_T?_ o100 A ST ol O A V0 S K Y (-0 ING —  o 1 2 il e I
9g* WRITE(3¢130) ((SC(IJ)rI=1, 14):J‘IC3'LC3)

“10g* T T CALL SETDR (1773257000 BOOUrTI7)” TTTT T e
104# CALL SETDR (18/,265¢00r 698,T18)

TrOe T CTT T T U UNIT 8 IS WRTITTEN TO IN- SUBROUTINE TTR-WHICH -~
103* C IS REFERRED TO AS UNIT 18 IN OPTIM

“Yggpx T CALL T SETOR T Yy 2650007 6989 T18) -
105* CALL SETDR (19,246000011000¢T19)

"10g* T CALL T SETOR (29 246G0091100g# T9y - T
107* G0 To 42900

QA G e e
109% C READ COMMOM AND DATA

ST Bl aat e — — —

113% 2000 REWIND 17

1% T T CALL HTRAN (177298600 + IDUM, IST) ~ - - oo

113% 2001 IF (IST + 1) 2002v2001.2003
TLyF 2002 CALL EXTIT - -m - oo s o s e
115% 2003 CONTINUE

‘1'1"6‘*"“"”””'“'“ “'REWTHU LD TmmT T

117* MINY = 1

ALgH MAKY T e e
11g* DO 2200 I=1/NOSAM

12p* -~ - READ €18y Y(Id -
121% IF (Y(I} LT, Y(MINY)) MINY =1

12s¥ o IE Y I Ve T Y MAXY Y ) MAXY =1

123% 2200 COHTINUE

T2y* " "REWIND 18
125% MOSAMS = NO5AM

T2¢* T T MBEST = MAXY T s e e e
127% IF (MINMAX LT, @) NBEST = MINY

T2R¥ IR TNOITR LT Iy T GUUTO 2%y

12q9% IF (Y(77)*MINMAX .LT. Y(NBEST)*MINMAX) GO TO 2400
I30% T UTMOSAM = NOSAM H LT
131% Y(HOSAM) = Y(77)

13k T 0072250 I=1yNOTY T e e e e
133% X(IyNOSAM) = X(I,77)

T3 %7 722560 CONTINUE -

135% IF (MINMAX .GT., 9§}  MAXY = 77

AJp¥ 7 IF‘(MINMA’X"{[’_T;“G)“""MINY":”"’"]"" o rmTTmmmmm T T
137+ GO To 2700

IS@*""' 2800 Y77y TOY(NBEST)Y 0T T TTT T T oTTTTTT oo T mmmn o e e o
139* DO 2450 I=1,MNOIV

THGE T XL, 7T E XU NBES T T
149% 2450 CONTINUE

185% 2700 CALL OPTIMZ ~~ -
143+ WRITE (3,200) NOITRvDVNAMp(VARNAM(I)pI 1, HOIV)

Tage - oo YERT = 0,0 e

145% DO 2715 I=1/MNOSAM

_La-

T66—1MNE



14% DO 2710 J=1,101V

1y* XFP(J) = XUJ, Iy ~ 7~

145% 2710 XF(J)y = X{(JeI)

Tggr CALL PART (XFPyPARTDY CoTT T
15qp* CALL FUHCT

15¢ YER = (Y(I) =« YF) /(Y(MAXY) = Y(MINY))x100, ~—~ =~~~ 77
155% YERT = YERT + ABS(YER)}

ST T UWRITE (32207 T YU Y YEWYERY TXTTy IV P JETYNOTVY
154 % WRITE (3,222) (PARTD(IV)»Iy=1,NOIV)

’IS'ST" 2715 COMTINUE - S T T
15¢% YERT = YERT/MOSAM

157*%  WRITE (3,22%5) YERT ) Tt
15g* IX = ¢

15q% = 7 T 0072717 I=t,nCrV T

16n* PCOM1 = (Y(IX+2%xI) = Y(1))/(Y(MAXY) = Y(MINY))=%*100.

161% T PCONZ ETUUIYUIXA2xTH+1)Y = Y1) YZ(Y(MAXY) = YIMINY)T*IQ0U.
1% WRITE (3,250) VARNAM(I) » PCoN1,PCOM2

163% 2717 COMTINUE "~~~ 77 ’ ’ T T e e
ley* IF (MINMAX LT, ¢) GO TO 2718

T6s¥ T TTUWRITE (3 205 MAXY, YMAXY Y, (X(JyMEXY Y ¢ JSTHFIOTVY — —— ——  ~
16¢* GO 10 2719

I67% 77 2718 WRITE (37206) MINY, YIMINY), (X(JyMINYT,J=TiNOIV) ~~ T
leag* 2719 COHTIHUE

169% ' C T
17+ € CHECK FOR SADDLEPOINT OR INVALID FUNCTION

17, ¢ T - -
172 CALL CHECK

17u* c CHECK CONSTRAINTS

17¢* DO 3000 I=1,NOIV

177% T TTIFT(BABE(TY LT, MAXTIY = RELTA(IY Y GOTTO 2900 T T T
17a% BASE(I) = MAX(I) = DELTA(I)

170% 7 60 To 3000 T T T e
180%* 2900 IF (BASE(I) ,6T, MIN(I) + DELTA(I) ) 60 TO 3000

18,% "BASE(TY = MIrH“Ii"i-“DELTMI) e TS
182% 3000 XF(I) = BASE(I)

Ia*'””m”ﬂUTﬁmFWﬁWﬁm) T T
1au* CALL FUMCT

T8% T TTUWRITE (393500 YR, UXE(I) P IS{eNQIVY T T T T T e
185+ _ WRITE (3,222) (PARTOD(I)rI=1sNOIV)

187% 7 CIFTUMINMAXY VLT, TGy 60 Y0 36507
18g* IF (YERT LT, 10,0 .AND. Y(MAXY) .LT. YF ) GO TO 3200
18g%* T DU 3020 TS HOTV -
190+ 3020 XF(I) = X{(IsMAXY)

19'1'*“"'_“""""" YEE YUVIAXYT‘”"““"“"" T CTUTTT T T mmm T m s m e T
195% IF (MAXY = 1) 3200.3400.3200

'193* ------ 3050 CONTIHUE "~~~ T TTTNrmmmessssseososssen o mssisssoos
19,% IF ((YERT. LT. 10.0) +AND, (Y(MIMNY). GT. YF)) GO TO 3200

-Q2=
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1g945% DO 3100 I=1, liOlv

A9E¥ T II00 XF (T =X TTVMINYY T

19,% YF = Y(MINY)

19g% T T TR TIMINY GEQLTLY GO TO 3400 "~~~ Tt
19g* 3200 IF (NOITR .Eq. 0) GO TO 3400

205% L
204 C CHECK TOLERANCES OF INDEPENDENT VARIABLES
205% " C

203* Jd = 0

20y¥ T DO 3300 T T Ly ONQIVT T e
205% DIFV(I) = ABS (XF(I) = X0(1}))

206% T T H(DIFVIT)Y ¢ 6T, EPSIX(IYy Jdy =1~ T

207* 3300 COMTINUE
2og¥ T WRITE 37360y Xt Ty I =—1vNoTV)

200* WRITE (3,361) (XF(I)r I =1, NOIV)

21g* T  WRITE (35 362) (DIFVIT) v - T 1y NOTYY
211% WRITE (3,363) (EPSIX(I), I =1, NOIV)

Rip* - B gdy E@0) 60 FO 9000 -
213* 3400 MOITR = NOITR + 1

21 ke - WREITE—{37rt6t)

21c* C

21 € RESTORE - HO+v - OF - SAMPLES - (NOGAM Y ———-~——-—---—-=—— -~
217% c

R b MOSAM ~=--MOSAMS -~ -~ e
21g% DO 3500 I = 1+ NOIV

2o —— 3500 X6tiy—= —

221% YO0 = YF

LT L ity R et ie
223%  C ADJUST DELTAS

-2 T e P ool
225% NPCM = 1

226* BUNM T U

227% IX = HOIV + 1

2oF¥ T {34020 T4 {10 €5 ) ¢ 3 17 ettt
229+ BD = ABS(BETA(1,IX+I))

0ok IF~(BD vtTi BBMY - GO TO Iy "o
231* MPCM = 1

235% BOM = BD

233% 3600 CONTINUE .

23 T WRITE (39 ) (OELTAC I v I= v NOTY) v BDF BOM -
235% 1 FORMAT (6HODELTA/1G6E12.5)

- T e 15 . 4 1 L4 = B 1 O
237% R = SQRT(ABS(BETA(LsIX+NPCM)/BETA(LIIX+I) ) )
23g% o H R e T 2y 60 FO -3ty —
23g% DELTA(I) = DELTA(I)*R/2.0

2k FTOO COMTTHUE oo mm s somm s s oo
24* WRITE (3,1) (DELTA(I)¢I=1,NOIV),R

24oh 110 (HOTTR = MAXTTRY 4200+ 4150,4150 —----—---—--——--

243* C

_68—
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24 * c MAXIMUM ITERATIOMS HAS gEEN EXCEEDED
2hg* 0

24 * 4150 WRITE (3,450) NOITR

244% 7 CALL CHAIN (0rq) CooTT T
2“8* C

249 C 'GENERATE CHANGE CARDS FgR NEXT ITERATION
25p% C

ES?* 4260 CALL SAMPLE T

255% REWIND 19

254 T TIWRSW =11 T
25, % WRITE(19¢100) NEXCHsLASCHs JTRSW

25g5%* " WRITE 13,100) NEXCHsLASCH»ITRSW =~
254% CALL GEHRAT

259¥° TTTTTTGUT0 9100

25g* o

25g% T TCTTT T SOLUTION HAS BEEN REACHED T T
260* c

261* 79000 WRITE "1394Q0) ~~ "~~~ 777 T oToronmm o mmmmmmmm e e
26o% WRITE (3+350) YF,(XF(I)rI=1sNQOIV)

263¥ T T WRITE (3.1807

26,* ITRSW = 2

{5 S ¥ | 2 €1 & B .3 0
264* CALL CHAIN(NEXCH,NDUM)

BEgh Qe e e e
26a* C PREPARE FOR NEXT ITERATION

26g% T T

270% 9100 CONTINUE

2T % o ERND FILE 19~ T e
275%* REWIND 19

293 TUTREAD (19,130) SKIP T T
27y* REWIND 17

2753 CALL WTRAN (17,1,8000,IDUM,IST)

27 * 9200 IF (IST + 1) 9300+,9200,9400

2T7* 930¢ RETURITO T
27g%* 9400 CONTINUE

27g% 7T T UREWIND 7T T T ST
28 % REWIND 8

281 % 7 REWIND 9

28o% CALL CHAIN(NEXCH,NDUM)

283% B £ 3 10 { T
28,% END
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SUBROUTINE SAMPLE -
INCLUDE COMO LIST

COMMON IDUM ( 100)

COMMOH VARNAM(6) vBI\SC(ﬁ) oMAX(6) .MIN(E’s) vDELTA(6) vFPSIX(G) IVF(6v8)

COMMON  X(6977 )oY (TTY e XF(6) ¢+ YFiX0(6) s Y02 SMPSET (62 7TV »DELTS(6) -

COMMON NS(10),SC(14,100) »MINMAX,) JEPS»MMy MAXY p MINY s NBEST
"COMMON ~ XP(28v TTTiXINV (77428}, FACTOR(6)#A(28%28)iD(631)7BETAC1,28)
REAL MAX;MIN

" DIMENSION ICD(6),IFDT{8Y/NCCT(6) NSQ(6)

EQUIVALENCE (ICD(L1JsIVF(1,1)),(IFD{(1)s»IVF(1,2)),(NCC(1),IVF(1,3))

EQUIVALENCE (NSQ(1)»IVF(1,8))

EGUIVALENCE  (NSQsNS(1))s (NSLANS(2) ), (HS2/NS(3)) s (NSI/NS(4))

END

DO 2000 J=1,HOSAM

~ DO 1500 I=1,MOIV

1500
2000

X(Ied) = XO(I) + DELTA(I)*GMPSET(I,J)
COMTINUE
CONTIHUE

RETURIL o m e = -
END

_IS..
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SUBROUTIME PART (XFP»PD)
INCLUDE COMO,LIST

e
COMMOII  IDUM(100)
COMMON " DVHAM EPSTY yNOIVINOSAMy MAXITR » NEXCH» LASCHY TTRSW, NOITR
COMMOH  VARNAM(5) ¢+ BASE(6) yMAX(6) yMIN(6) 1 DELTA(S) »EPSIX(G) 1 IVF (50 8)
COMMONI™ X(B» 2Ty Y(T7)Y e XF(6) P YEFXO(6) YO SMPSET (65 771+ DELTS(6) -
COMMOI!  HS(10)»SC(14,100) »MINMAX,) JEPS MMy MAXY s MINY »NBEST
“COMMOIT " "XPL28» 777 s XINV(T79»28) , FACTOR(6Y+A(28,28),0(6i1)+BETA(L1,28)
REAL  MAXsMIN
c
: "DIMEMSTON ICO(EY 7 IFD (6 MCCtET I NSQ(6] -~ ~— = o om B -
EQUIVALEHCE (IcD(1)rIVFIY, 1))-(IFD(l)oIVF(loZ))'(NCC(l)pIVF(l 3))
© EQUIVALENCE — (NSQUIYFIVFLL,4) ) - Rk Tmees
EQUIVALENCE (NSQ» NS(1)).(N51 NS(?)).(nse.NS(3)).(u53.NS(u))
. EME e il ; g St e
C
G i e _ — - e e
DIMENSIOMN PD(6), XFP(G)
T DIMEMSION ™ B(283777 - T T e nosooSnenoo s s
EQUIVALEHCE txP, B)
T AR A S
DO 290 I=1,NOIV
- Pﬁ(;h._: ,»ant IA; 1., U e 4 e s - rmm—— et ——— 84—t 4mn © m rsima it e e
DO 100 J=1l.NOIv
PO PRI # B DY RIXFp Iy -« X 1Y) ZDECTAC) - e
100 CONMTIHUE
S RO0 COMTTHUE — — = o e el e e
RETURII
-~ s = EH\B_ v S Aot 1A mer ¢ A £ A et P e 07 Rl A b S i 24 e e U P

_ag_
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1% SUBRQUTIMNE GEMRAT

Cod T T INCLYUDE COMO,LIST T T T T e
a* C

Ta% TCOMMoIY T IDUM(I60Yy 0 T TTTTTTTTTTTTToTTTmTmTTTTmmmTmTTmmmmmmmmmm e
2% COMMOI! DVHAMIEPSIYsNOIVeNOSAMIMAXITR,NEXCH!LASCHr ITRSW/NOITR

Ty T T TTCOMNMON T VARNAMTB) v BASENBT ¢ MAX (6 Y yMIN{G) ' DELTATEY s EPSIXIGI P IVF (e 8T
3% COMMOH  X(6¢7T)eY(T77) ' XF(6) s YFoX0(6) pYOrSMPSET(6477) +DELTS(6)

ek COMMON™ NSTT0) ¢SCU14y100) » MINMAX, JEPS MMy MAXY , MINY»NBESY 77777777
3% COMMON XP(28177) 1 XINV(77+28) ,FACTOR(6)»A(28,28),D(601)+BETA(1,28)

IR L TTREALTMAXOMYN T T T T e
3% C

Tzd T T DIMENSIONTICD(8) , IFDUeY W NCC ey o NEETeY
3k EQUIVALENCE (ICD(1)»IVF(1,1))e (IFDC(1)»IVF(1+2))s(NCC(1)sIVF(1,3))

T T T T T TREQUIVALENCE T INSQUIY Y IVF L Uy y T T T mmm e m e
a* EQUIVALENCE (NSG.NS(I) Yo (NSl NS(2)) e (NS2¢NS(3)) s (NSIINS(4))

. .3 2 {1
3% C
3x C
y* 100 FORMAT (13A6,A2)

S 1 1 B ) 24 P S - I 2 £
&* 300 FORMAT (2I3+El4.6)

B 2 R ¥ T I SV 24 N I (P 3 8 21 3 1S T ‘L)
g¥* 500 FORMAT (80X) w
g¥ 600 FURMAT (eH § I,I11W%) [}

10* 700 FORMAT (80X/80X/80X)

¥ 750 FORMAT (I3p12R6wASY ~ 7 7 T T T T T e e T e

1% I1C1 = 1

BT 5 8 T 5=

1y* WRITE (190100) ((SC(IvJ)rI=1lr14),J=1IC1,LC1)

Io* WRITE ( 321007 ((SC{Ir VI I=v 1), J=ICI /LT

1g* JUSTG = 1HG o

DL D0 14900 J=ICi,LC1 0 T

1g* IF (FLD(6¢6¢SC(1304)) JNE, FLD(O»6+JUSTG) ) GO TO 1400

Ibi 777777777777 |23 1167 . o

2% GO TO 1410

21F 1506 CONTIIIUE
2% 1419 CONTINUE

-1 D (o i H— i T TTTTTTTT T m e

2% NTACC = NOSAM%2 - 1

=33 ¢ B £ 1+ I S A YL 2

26* IF (NCC(I) .EQ. @) NTACC = NTACC + HOSAM

27* I5G0 CORTINUE -
2a% WRITE (190200} NOGCeIFLDsNTACC

2% TTTTTTTTTTTWRITE U39 200) NOGCy TFUDYRTACE T T T T T T T T e g
3g* WRITE (19.700) 1
b 2 L 1 1 . 2 4 1 1 8
3o% NTLCC = © et



33%* DO 2000 J=1,NOSAM

Jp* MECT =0

3g* DO 1800 I=1/NOIV

¥ T I F (NCCC T T VERS Q)Y GO TO g0 0 e
39% NLCC = HLCC + NCC(I)

B T <1 1 T O 0 1 0 ] 2
3g* NTLCC = NTLCC + NLCC

ao¥ WRITE (1976007 NLCCT

41% WRITE ( 3,600) NLCC

I Y- DO 1900 T=1vNOIV ™~~~ """ T
43* IF (HNCC(I) WMNE. 0) GO TO 1909

L TL WRITE 119300 "ICO(IYV s IFDCI Ve xX(Ty )y~~~
Yo WRITE ( 3,300) ICD(I)eIFD(I)s»X(I,J)

He¥ 1900 CONTTIMUE" ' -
b7+ IF (J .EQ. NOSAM ) GO TO 2009

gy WRITE (199500 "~~~ - oo
Yo WRITE ( 3,500)

Sy - 2000 CONTIHUE -~ e
51* I1C2 = LC1 + 1

So* +E€2-—=—tCt—+H52

53% DO 2400 J=IC2rLC2

By TIF--t-sHEe-T€244)-GO--T0-2390 - - —omes
5% WRITE (19¢750) NTLCC»(SC(I,J)»I=1,13)
Bk WRITE-{--37750) -NTECEv (SC{T; Iy Izt 3y
57%* GO To 2400

Sg*— 2300 WRITE{19v 100 (SCtivIri=trrin)

5g* WRITE ( 3,100) (SC(IrJ)eI=grly)

"6 T 24G0 CONTIHUE -~ e e
61% BO 3000 J=1,H0SAM

-7 00 2800 " I=1 MOy T T
63* IF (NCC(1) .EQ, Q) 6O TO 2800

65* WRITE ( 3+400) ICD(I)rIFD(I)+NSQ(I)eXIIrd)
Be¥ T TF(NCC(IY JEQ, 1) 6U T0 2800 777777
67* ICK = 16

<Y S IF-(1CDTIY VEQy ICK) ICK = 17 - o=
69* WRITE (19:,400) ICK,IFD(I)sNSQ(I)yX(IsJ)

To¥ T T TWRITE 3y 007 ICKy IFO T TRSSTTT v Xt T7 )
71* 2800 CONTINUE

“To¥ T 3000 COMTTHUE - == T oTTTmmmmmsmes e
73+ IC3 = LC2 + 1

B4 P . - T o~ i -
To* WRITE (19+100) ((SC(IeJ)eI=1r3l),J=1C3,LCI)
Te* o TRRITE 3100 - trSC Iy v It r 1t Y i I IO e —
774 RETURI{

- e 1 |
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1* SUBROUTINE FUlCT

¥ T T TINCLUOE TCOMO, LISTT T T T TTTTTTTTTTTToTTTToTTrTTTTT T e
a* €
3F COMMOIT ~TDUMTIG0] - o
3% COMMOI  DVHAMPEPSIY»NOIVINOSAMe MAXITRyNEXCH»LASCHs ITRSWyNOITR

Ak T COMMONT T VARNAMIE Ty BASET6) y MAX(6Y ¢ MIN(EY s DELTA(EY yEPSIX(G) ¢ IVF(grB)
2 COMMON  X(6+77) s Y(77) 1 XF(6) 1 YF/X0(6) ,¥0rSMPSET(6,77) 1DELTS(6)

L T COMMOI NS (10 7STITHw100) v MINMAX; JEPS: MMy MAXY 7 MINY 3 NBEST s
2% COMMOI!  XP(28¢77) # XINV(77,28) ,FACTOR(5) 1 A(28+28)yD(6+1)/BETA(1,28)
3+ REAL MAXsMIN

e . — e e
3% DIMENSION ICD(6)pIFD(6)oHCC(6)vNSQ(6)

ST T EQUIVALENCE TT(ICDTIY s IVF UL, 1) ¥y (IFD UL v IVF (1920 )5 (NCC (1) TVF (173))
RE EQUIVALEMCE (NSQ(l)'IVF(I.l&))

TEE T EQUIVALENCE U INSQeNSTLY Y w (NSTyNST2) ) 4 (NS29NST3) Yo (NSSPNS (B)y) -~ 1
3* END S
S — e i
3* C

TG T T DIMENSTON T TXFF (@) T T T T s e s o
g C

B* T D000 IS NOIV T T T mmr msmmemeom s
7% 1000 XFF(I) = (XF(I) - X(Ir 1))/DELTA(I)

e e e
g* DO 1500 J=1,NOIV

1% o YES T YF o BETA Ly JF L TRXFEC Y+ BETA( 13 NOTVHI+ L), XFEtIy#ae@ -~ -
11% 1500 COMTINUE

1ok MM 2OV 4 @ e e e e e e
13% MN = NOIV = 1

gy e BP0 K pr b — - s
15%* JJy = K + 1

B T 1 oI o 1 M 8 L 1) o
174 YF = YF + BETA(lyMM)*XFF(K)*XFF(KK)

1% 1700 MM-= MM-¢-t- - e e e o o o oonosoos oo oo
1g% RETURH

e |
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1* SUBRQUTIHE GEMNIMY
ST IMCLUDE COMO, LI ST 7 T v o e e o
3* C
B COMMOIT™™ 10UM{100) "~ - T
3* COMMOt!  DVMAM/EPSIY,NOIV, NOSAMoMAXITRoHEXCHoLASCHrITR;W NOITR
g “COMMON ~ VARNAME T+ BASETE) s MAX(6) s MIN(G) s DELTACEY vEPSIXtGY » IVFIGiB) -
3t COMMOIl  X(6277)sY(TT) o XF(6) s YFeXO(6)+Y0rSMPSET(6+77),DELTS(6)
Ty COMMOM HMS (10 v SCUIE Y 100) rIMMAX  JEPS s MMy MAX Y3 MIRYFRBEST — ——————
Tk COMMoH XP(28¢77) 1 XINV(7728) ,FACTOR(6)+A(28,28),D(6+1)+BETA(1,28)
A REAL MAXYMIH DR e
3* C
TEx T DIMENSION TICDTS)YVIFD(6) #NCC IO T aNGQ Gy~~~ = s
1% EQUIVALENCE (ICD(1)sIVF(1, 1))r(IFD(1)oIVF(IoZ))o(NCC(l)oIVF(l 3))
A - EQUEIVALENCE -~ (NSt 1y EVFCE, 4 F—
3* EQUIVALENCE (NSO/NS(1))r (NSL/NS(2)) ¢ (MS2/NS(3)) 4 (NS3/NS(4))
o L I - EMD--- - e
3* C
4+ DIMEHQION 2(77.28).MORM(zs).0(77,28).C(77.28).5(77.28).Yb1(28,28)
- gk ~EQUIVALEHCE ~t€7Zyy (HOSAMINGS Y-~
6* REAL [lORM
7% S MORM ) T B T T e e
g* DO 150 I=1,NOS
gk 150 MORMUT) - = NORMELY # XP Ly Fy#kg - - oo oo o e 5
1p* DO 200 I=1,NOS o
TFT T 200 @t I = XP LT DY 7SR TNORM (4 -
1% DO 400 J = 2,MM
b3 S - MORMI) = ¢ O 1
1y% L= Ju=-1
S & (0 0] £ L
1o* DO 250 M=1,MM
177 T T ATITMY = 0,0 T T
1g* D0 250 K=1,NOS
19% 7 250 AT M) T ACT MY % XPUT iKY ®QUKGM) ™~ 7777 mmm o o s s e s e
20* DO 350 I =1/NOS
2k B Y 1 D L 0 | 3 e e e
20% DO 300 K = 1,L
23¥% TS0 et T T eI Y = A CUTKIRG IR
2y* 350 NORM(J) = NORM(J) + C(IrJ)x*2
25* " DO 400 1 = TiMOS T T TTTTTTmmmommmmsssssmoseoooioissisess
26* 400 O(I,0) = C(I, J)/SART (NORM(J))
2px s WRITE S 2T (CQRUT 90 v JT Lo MM) 5 T2y NOS ) T = = o mm o mmorm oo oo
2g* 2 FORMAT(2H0G/ (15€8,2))
R £ i AT S SR Ly S o
3g* DO 450 J = 1,MM =
3‘1""‘ e ol 0 1 S S ¢ L§
3% IF (1-J) 450/ 440,450 '
o R T ) R - & ) e | B e 8
3t 450 COMTINUE H




3k DO 500 I = 1,MM
Be¥ T U800 ZTTIY = EN(ILIV/SARTINORM{IY Y

37+ DO 600 J=2oMM

3a* = J-1

3g* DO 600 I = 1,MM !

Thgx CTTTUTTUUTTYNUILOY 2 E(Iedy T T
4% DO 550 K = 1,L

Gox 550 YN{I,J) = YR({I,J) = AUJrK)IxZTK, 1)

4 600 Z(JrI) = YN(IrJ)/SQRT(NORM(J))

Gyx T WRITE(Z 4YU(Z(Jy 1Yy J=1¢MM)y s IS1,MM)
4o 4 FORMAT(2HOZ/(15E8.2))

VL DO 625 I=1,NoS ~— T
Lg* DO 625 J=1,MM

“4a¥ XINV({I»JY = ¢.0

4g* DO 625 K=1,MM

TEo* B2 XTI, JY EXINV(IL,JY ¥ e(IYRY*Z(KyJ)Y
51% RETURH

7L 205

_LS—
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1* SUBROUTINE CHECK
oA B e e
3+ INCLUDE COMO,LIST
e —
y* COMMolt  IDUM(100)
TR T COMMONT T DVNAMYEPSTY yNOTV e NGSAM e MAX I TRy NEXCHs LASCHe ITRSWyNOITR 7777
y* COMMOI! VARNAM(6) 1 BASE(6) s MAX(6) ¢MIN(G) ¢DELTA(E) 2EPSIX(6) v IVF(608)
WA T T T TOMMONT X (6 T Y UTTY A XFUBY P YR e X0 U6) s YO SMPSETU6»77) DELTS(EY 777
y* COMMOI!  NS(10)+SC(14+100) » MINMAX ) JEPS MMy MAXY »MINY ¢ NBEST
¥ T COMMOITT XPUZBe 7T o XINVI7 79 38, FACTOR(GT r AT2B+ 287,016+ 17T .BETAT(I, 287
y* REAL MAX e MIN
T
L* DIMENSION ICD(6),IFD(6)eNCC(6) s NSA(H)
Tyd T T TTTEQUIVALENCE TTICH U v IVETUL, 1))y, (IFDUL) Y IVF(Iv2)Y Yy (NCCTIY v IVF (1,30 )
y* EQUIVALENCE (NSQ(1)»IVF(1,4))
TR¥ T T T EQUIVACENCE - (NSHeNSTITT e INST NST{2T T (NS2eRST37) ¢ INSIPNSTHYT
y* END
G T
q* [
g% T T TTOIMENSION SAVXPUZ8,77Yy B(28e77)y T T TTTTTTTTTTTmTmmmmm oo
o+ EQUIVALENCE (XP,B)
R o
g* 5¢ FORMAT (/10613.6)
‘g% "T'100 FORMAT (4SHOIMDETERMINANT OPTIMUM PUINT WITH RESPECT TO 7A675H AND
19* 1 »A6)
11% 150 FORMAT (3U0HUSADDLE POINT WITH RESPECT TO »A6y5H AND »ABY = 7~ T
1% 200 FORMAT (34HORELATIVE MAXIMUM WITH RESPECT TO ,A6¢5H AND »A6)
I3%¥ 7T 250 FORMAT (3YHORELCATIVE MINIMUM WITH RESPECT TO ,AG15H AND +AGT
1y* C
717:_-':* 2 1~ - )
1e* DO 1000 I = 1+NOIV
A7+ T IR (BETA(L, T4NOIVHIV*MINMAY . GT, 0,0 "GO TO 1000 T
18* IR = IR + 1
To¥ ™ 7 1000 CONTINUE
20* IF (IR .EQ, NOIV) GO TO 5090
21% 7 [
2% C ELIMINATE SADDLES FOR SINGLE INDEP. VAR,
p5x G e
2y* DO 1100 I = 1,28
2% TTTDO 1100 J = 1+NOGAM
26* 1100 SAVXP(I:d) = XP(I0J)
27* 77777 .
2a% C GENERATE REDUCED PARTIAL DERIVATIVE MATRIX AND DATA VECTOR
DGk T G e s SR S T SOSSANE et S

30* DO 1196 1=1,M0IV

_gg_
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31* 1199 D(I,1) = 0,0

FeN T DOTIRUY IS HOIV T

LRSS IF (BETA(1,I+MOIV+1) ) 1200¢1300,1300

B 7T i 2 o A G A I = o O A o A - | I 0 A £ S

35% DO 1220 J=1.MNOIV

0 T i 3 2 2 O 20 B A ¢ B+ L of 5 R o1 A o =~

37k B(Iry) = SAVXP(I,J)

3g¥ 12207 CONTTNUE - i

3g% GO To 1400

hgr . AL, L I

4i* C SET INVALID INDEP., VARIABLES TO WITHIN BELTA OF THE MINIMUM

QR TTTCTTT T T ORI MAX IMOM T CONSTRATNT o T T T e m s et e m e m s

4% C

gE¥ T IIQU BASETII T MAXTIT = DELTATCT)

Yo* IF (BETA(1,I+1)%MINMAX LT, 0,0) BASE(I) = MIN(I) + DELTA(I)

gk DOTLZLY IS LYNOTY e TS T s s m T

L4ox IF (D(Jrl) «GT, 99E8) GO TO 1305

gk Dtdiry = DIty = g(Irv Iy (GASE(T) = XDy 1)y /DECTA(EY--— e -

4g* 1305 IF (I .EQ. J) D(Jrl) = 99E9

Sp¥ BtITJIr = 999 -

51% 1310 B(J,I) = 99E9

Sz 1400 CONTTHUE -~~~ 2

S3* c WRITE (3950) ((B(I,J)rI=1yNOIV)yJ=1+NOIV) i
BSyx - C T WRITE - (FiSoOy-(otrinyvistiNotVy e e T w
5g% IR = ¢ \lo
S56¥ DO 1500 I=1+HOTV

57* IF (D(I,1) .6T. 99E8) GO TO 1500

Gk Tt LR m T LR T T T T T S S o SSmmo e

Sg* D(IRy1) = D(Ir1)

T BB S=1 ¢1 1 070 1 ¥ e

61* IR=9

62¥F DO I600 1= TI0TV

63* IRz IR + 1

B -Y7e. S 4 -l ) R TUTTToTTTooTmmmmTem s m e oo TTITs T TTTTTTTTTTTo T oT T s

65% DO 1550 J=1/NOIV

Be¥ T IR (IVIY vBTeQ9E8) TGO TO 1S5S0 T T T

67% IC=IC +1

6% BTIR, ICY "= B(T+J) -

6g9* 155¢ CONTIHUE

To¥ T T TTTUTTIRTUIC JEQYTO D 2 = 2 S

T71* 1600 COMTINUE

Te¥ T CTT T WRITE USRSy U BTy VIS IRY yUSLyIRY T T T

T3* c WRITE (3,50)(D(I,1), I=1,1IR)

X T WRITE (5 SOV {BASETTY IS NgIvVY -
To* IF (IR .LE. O) G0 TO 2409 :
T T L TTTTTTToTTTTTTTTTTTTT T g
T7* C INVERT REDUCED PARTIAL DERIVATIVE MATRIX AND I
TgY T T T T T SOEVE T FORT VAL IO T INDEP T VARTIABLES T e 8
To+ C =



8% MOS = HOSAM
Tt R TWSAM TR e e - ——
8o* MM = IR
3 "”""CALL""GE’N'I'NV"”' T o T
8yt MOSAM = MOS
T8x¥* T DO 2200 I = ieIR T T
8p* A(I,1) = 0.0
TE¥ T T OO 2200 KL IR T -
8% 2200 A(I,1) = A(I,1) + XINV(I/K)*D(Ks1)
g REG - e e
9g* DO 2300 I = 1/NOIV
T9yx T T IF(BETA(LY T +HOIV 4+ 1) xMINMAX ,6T.0.0) GO TO 2360
9o* IR = IR + 1
TGax T T TBASE( DY = AUIRVIVRDECTATI) XTI, I T o
9y * 2300 COMTINUE
"9g% 2400 CONTIHUE T ST T T .
9e* c WRITE(3,50) (BASE(I) 1= 1;N01V)
97* c - Tt T Tt
9y * [ RESTORE XP MATRIX
“ggk T R S
10g* DO 3000 I = 1+28
I 77 DO” 3000"J"‘"1'vﬂ0"'1\M CTTTTTTTT T T T e e
10o% 3000 XP(I:J) = SAVXP(IrJ)
105+ C s i e e
104* C CHECK IHTERACTIONS TERMS AnD
TO05¥ T T T CHAFGE SAMPLCING IF RECESSARY, o N
104* C

107% 75000 MM =L # 2 HMOoIV T T T T o e
10g* MGOPT = 0
1gg% 7~ 7 DO6C00 I = 2oNOTIV T

11g* DO %600 J I'rNOTV

Ty MM = MM ¥ 1

115+ BB = BETA(1,MM)

T13% 7 TAA = 2.BETA(l,NOIV + Iy T e
11, CC = 2.%BETA(L,NOIV + J + 1)

B = I = ¥ - S o
11a* TT = BB*%2 = AA x CC

"1‘17& - IP=T1T-1

11g% IF(TT .EQ,0.0) WRITE(3,100) VARNAM(IP) ¢ VARNAM(J)

A1k T IFCTY LG, UL 0 WRITE(3 1507 VARNAMTIPY » VARNAMTY ~77 7777 77777777
12g* IF(TT,LT.0+,0 .AND«TM «LT. .0) WRITE(3+200)VARNAM(IP) » VARNAM(J)
T20% T T T IF T LT 0.0 VARND TR o GT 9. 0) WRITE(39y250)YVARNAMTIP ) s VARNAM(JY ™
125% C WRITE (3+,50) BByAA)CCrTM,TT

T23% T TTTTIF (TT LLT 0.0 LANDT T TMRMIRNMAY U7, 0,07 GO TO 5600 -
124% HGOPT =1

I25% 000
126% C CHAMGE SAMPLIMNG
L
12g* DO 5400 K = 1/NOSAM

T66—TMNG



12g% IF (SMPSET(IP!K) EQ. 0.0 ,OR, SMPSET(JrK) .EQ, 0.0) GO TO 540¢

I35¥ ST ——SMPSET(TPTKT7ABSTSMPSETCIPKY)

134 SJ = SMPSET(JrK)/ABS(SMPSET(J,K))

A3 BBSISI = BE & ST % SJ """ TTTTTTTTroTTTnooTToomoomomsommmem oo

133% C WRITE (3.50) BBsrSI,SJrBBSISY

A3y IF(BBSISJ ¥MINMAX 61w -0.g) GO TO " S600 """~

135% SMPSET(IPsK) = ~SMPSET(IP,K)

T3g% ST = =51

137* BISI = BETA(1.IP + 1) % SI

A3gy T L ST i £ Y 8 TN R S b S T
13g% SUM = BISI + BJSJ

Ty TTCTTTTTT WRITE (3+¢80) BISTiBISUy SUM 77 777 7 oo o m oo m o e m T m e S ST m T e e
144* IF (SUM % MINMAX .GT. 0.0) GO TO 5600

145¥ SMPSET (TP7K) =—=SMPSET(IPRY)

143% SMPSET (JrK) = =GMPSET(J2K)

Toge SO0 COMT IHUE - - oo o oo
145% 5600 CONTINUE

Thpr oo e e L L
147* IF (NGOPT ,EQ, 0) RETURN

Thp* —€

14g9% C USE BEST EXPERIMENT VALUES OF INDEP, VAR. INSTEAD OF PREDICTED OPTIMUM
B A

151 % DO 6200 I = 1/NOIV

T BASE-¢1)-=-X €I rNBESTY -

153% 6200 CONTIIWE

150* RETURN

155% END

T66=TMNE



1* SUBROUTINE OPTIMZ
Fhd INCLODE COMOZETST
* ¢
TE¥ T COMMON " TDUMUTQU) ~~ 7 77 T T T e
3% COMMOI!  DVNAM+EPSIY,NOIV/,NOSAMsMAXITRyNEXCHsLASCHr ITRSW,NOITR
AR COMMON -~ VARNAMC 6T BASE (B e MAX (6T s MIN(E6 9 DELTACE 7 EPSIX(G) VIVF (B8
3* COMMON  X(6+77)sY(T77) 9 XF(6)»YFoX0(6)¥0rSMPSET(6+77) »DELTS(6)
K : I Sctdr o0y ’ v XY rMINY T NBEST——
3% COMMON  XP(28¢77) 1 XINV(77,28),FACTOR(6)+A(28,28),D(6,1)BETA(1,28)
B S S RE AL Ay M == o oo
* C
. S DIMENSTOM - ICD{6) 7 IFDE6)I P NCCEO ) INSREGY - mmmmmmmmmmos oo oo
3% EQUIVALENCE (ICD(1)»IVF(1,1)), (IFD(1)»IVF(1,2))¢(NCC(1),IVF(1,3))

— 3 ——————EQUIVALEMCE— NSOt EvF 14

3% EQUIVALENCE  (NSQ/NS(1)) ¢ (NS1, NS(2)) s (NS2/NS(3)) e (NS3/NS(4))

B R B = m o oo
3* C

E S ——
o+ DIMENSION PAKTD(6)¢XFP(6)

¥ DIMENSTON Bt28v7TI—

&* EQUIVALEMNCE (XP,B)
e
a* MOS = NOSAM

= . Sttt 1 - + B = o 1 [0 - e
1g* WRITE (3,110) (X(Jr1)rJ=1,NOLV)

IT* TI0 FORMAT (2H X3 6ETI5.67

1% 120 CONTINUE

B R o R
14* c DEVELOP SCALED XP MATRIX FROM X'S (INDEP. VAR,)

B 8.5 e
15* DO 300 I=1,NOS

“I7* Pty —1%

1g%* MM = 1

Ag¥k PO 2P0 It 2 e e e T TTTmTTTTmTTomossomommoeseoooooooooooooo-
20* DO 200 K=1:NOIV

- I 1| = | e e
20% 200 XP(MMsI) = ((X(K,I) = X(Kp1))/DELTA(K))**J

L A | 2 Flvp u ke

24%* DO 300 J=1/,NN

29% i o -~ e s
26* DO 300 K=JJrNOIV

- e L U
2% 300 XP(MM»I) = (X(JrI) = X(Jrl))/DELTA(J) % (X(KrI) = X(Ke1))/DELTA(K)

T66-THNE



2g* WRITE (3¢1) ((XP(I,J)rJ=1/NOS)»I=1sMM)

¥ 1 FORMAT (3HOXP/TIGES.Z2T)

31* C

L c T INVERT XP MATRYX ~~ T
33% c

3y¥ T CALL GENINV T
35* C

3g¥  C T FORM IDERTITY MATRIX ~1T = XP*xXIAV

3% C

7L DO 400 T = MM~ T
3g* DO 400 J = 1,MM

Go¥% X O I ¢ 1
4q* DO 400 K = 1,008

Lo¥ Go6 ATI,JY = ATI,J7 + XPUILyRIFXINVIK, JY

4% WRITE(3,12) ((XINV(IsJ)r J=1eMM)» I=1,R0S)
Q¥ T 12 FORMATUSAOXT/VLISES, 2Y Y~~~
Yg* WRITE (3,14) ((A(I,J)rJ=1sMM), Iz=1/sMM)
Be* 7 TTIG FORMAT (2HOT/TI3FY1G. 7YY T
Yo WRITE(3»11)(Y(I), I=1,NOS)

Gp¥* 11 FORMAT{ZHUOY/{16EB.2))

Yg* C

Bg¥ TCTT T DETERMINE BEYA T COEFFICIENTS 7T
Sq* C

’5:21"*““""”"'"UO"'IID"?"JiTFMM """""""""""""""""""""""""""""
S3% BETA(1+J) = 0.0

5y ¥ DU @7 K=I,NOS

55* 407 BETA(1,J) = BETA(1,J) + Y(K)*XINV(K,»J)
Se¥* T WRITE U3»6) {BETATL»JYyI=I MMy 7777777~
S7* 6 FORMAT (SHOBETA/(12E11,5))

T G e e
Sg* C FORM MATRIX OF PARTIAL pERIVATIVES
Bg¥ T

61* MM = 2

L7 [0 Y 4T ¢ B == S Lo 11
63% D(Is1) = -BETA(1,MM)

By* T BCIvIY T 2.¥BETA(L MM*NOIVy ~ 777777
65% S00 MM = MM + 1

66 * M =TIV =1

67* DO 600 I=1/NN

N-Y-3 L = N 2 e
6g* DO 600 J=Ne#NOIV

¥ T Bl Y] T BETATLyWMM+NOIVY 7 777777777
71* B(I,J) = B(J,I)

To¥ 00 MM = MM ¥ 1

7 3% WRITE (3¢7) ((B(Ird)eJd=1eNOIV)»I=1/NOIV)
T 7 FORMAT (3HOAD/(SE18,8YY T TTTTTTTTTTTTTTTTT
7% WRITE (3,8) (0(Jy1)rJd=1+NOTV)

Te® T B8 FORMAT (3HOBD7 (EI8,8)Y )~~~ """~ 7o

T7% C

_EW_
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7g* ¢ INVERT PARTIAL DERIVATIVE MATRIX
G e TR Y _

Bo* MM = HOIV

g MOSAM T NOTY e e
8o* CALL GEMINV

kT WRITE (37 9 COXINV TIPS T e NO TV ) v TS0 NOTV) o= oo
84+ 9 FORMAT(4HOAID/ (5E18.8))

P

MHOSAM=—10S

8p* C

T89* €T T CALCULATE S OPTIMUM VALUE OF " INDEPEMDENT VARIABLES -
8g* C
1) SRR DO 605 I=TyNOIv
9p* A(I,1) = 0.0

gy Ee e DO-E S KotTNo T — —_
9o* 605 All,1) = A(I,1) + )(INV(I K)*D(K 1)

gk D0 900 T=riNOTIV o s TTTTT T emmmmmmooooe
CI BASE(I) = A(Iol)*DELTA(I) + X(I,1)

B e L & o B : L ¥ & T i
9g* 900 CONTINUE

gk = WRETE 3T BASE t T Fs N0 vy

9u* 10 FORMAT (6HOOPT X/6X,6E18.8)

B

= CALL- PART - (XFPyPARTOF -~ oo oo

WRITE (3,13) (PARTD(I),I=1, NOIV)

10y4 - - 13 FORMAT {EHOPARTD/ - GELBB)-— - omommoomooooomes oo
102% RETURH
1oge———— —ENB-
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APPENDIX C

RESULTS OF A SPECIFIC OPTIMIZATION PROBLEM
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APPENDIX C

RESULTS OF A SPECIFIC OPTIMIZATION PROBLEM

The sample optimization problem that follows is one in which the
objective was to minimize the err§r between the known isotopic concentra-
tions of U-235, Pu-239, Pu-2L0, Pu~-241l, and Pu-242 and the isotopic con-
centrations calculated by the Fuel Cycle Analysis Chain, FULCYC. The
reactor configuration was that of the Yankee Reactor from which the fuel
samples were discharged. The method used in FULCYC was to "burn" to the
exposure assigned to the fuel samples analyzed having the known isotopic
concentration. The independent variableé were parameters used in FULCYC
crqss—section calculation of the various isotopes. Definition of the vari-
ables is as follows:

Dependent Variable,

5 C, - Ci 2
SSQERR = ) =
i= C.
1
where C = known concentration of isotope i
C. = calculated concentration of isotope 1

Independent Variables,

1. RAYK?
2, 2-28
3, Sl=k1

L. z-ko



4G BNWL-99°

For the initial base point of the independent variables, the parameters
used were the best values known at that time. A comparison of the indivi-
dual percent deviations of the five isotopic concentrations before and

after optimization as shown in Table I illustrates the results of optimiza-

tion,
TABLE I, IMPROVEMENT BY OPTIM
Deviation of Isotopic Concentration (%)
IsotoEe First Guess ORtimum
U-235 - 2.5 - 3.2
Pu-240 - T.5 - 0.1
Pu-241 +13.7 - 0,5
Pu-242 - 2.3 -1.8

Concerning the larger U-235 deviation at the optimum as compared to the
"first guess"--this is likely due to the inaccuracies in determining the
exposure of the analyzed fuel samples which is a function of Cs-137 content
and Mev/fission constant used in FULCYC, Possibly to further improve the
isotopic concentrations the Mev/fission constant should also be included as
an independent variable or instead of "burning" to a given exposure, "burn"
until the particular U-235 concentration is reached.

In addition to Table I, a more detailed look at the trends of the

variables as OPTIM proceeds to the optimum is illustrated in Figure T,
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TTTITERATION WO 'O

EXPERIMENT ~ FUNCTION PERCENT" T T TSI T S TITSnTTTeTISsTosssoooimeees
NUMBER SSQERR APPROX.  ERROR RAYK2 2-28 S1-41 Z-40
T R 7903802 T T79034=02 T 000 ~1.p0000%00 3,00000¥%0% =1,.37000¥03 4,00
2,5480-02 =-7.1601-02 =1.5920-02 8,3402-03
e “4780935-01 %,37659<01 " 8,459 " 2.00000+00 ~3,00000+04 =1:37000+03 %,00000%05 """
3,6428-01 =-7,7162-02 2.1655-01 9,0621-02
T3 TT279UH61S01 T 3.35738=01 7 =8.850° 000000 T 3.,00000+04 137000403 4,00000+05 -
=3,1331-01 -6.6039-02 =2,4839-01 =7,3940-02
T 22008902 2 BHEI8=02 = 470 1. 00000+00 4. 00000+0H —11 .
1,9919-02 4.8111-02 =6.9930-03 5,4992-03
5 3.11220-01" 3:10817=01 -~ 079~ 1:00000+00 2,00000+04 ~1:37000+03 -4,00000+05 -
3,1042-02 =1,9131-01 =-2.4848-02 1,1181-02
) 3,39387~01 - 2,95885=01 - 8:503 1:00000+00 ~3700000+04 ~1:17000+03 4500000405 -
2,5795-01 =-6.2673-02 2.6390-01 5,7432-02
T U7 T I IN063=01 359566701 =8.89%  — 1590000+00 3% v g
-2,0699-01 =-8,0528-02 =2.9574-01 =4.0752-02
'8 9,83077-02 8,73640=02 2,139 " 1.00000+00 ~3,00000+04 =1,37000+03 ~6,00060+05 -
1,0776-01 =-7.4442-02 3,3171-02 3,1120-02
9 4,10582-02 "5.40032~02 "=2.530 " 1.00000+00" 3,00000+04 =1:37000+03 2.00000+05 -
=5,6800-02 <=6.8760-02 =6.5012-02 -1.4440-02
I T3V IT68T=01 3 66665=01 =10+ 7%6 1% : s i
3,4947-01 -1,1482-02 2,6924-01  8,3996-02
11 2,11919-01 2,21453=01 "~ =1,86% ~ 1.50000+00 3,50000+04% =1:27000403 "3,00000+05 "
2.6719-01 '8.6415-03 202014-01 6.1216-02
12 1,24642-p1° 1,08014=01 ~~"3.250 1.50000400 3,50000+0% =1.47000+03 ~5,00000+05 -
1-1700-01 -200410'02 -100585'02 30490“‘02
I T ©,79987<02  6,09857-02  1.371  1.50000 . =1, .
3,4720-02 =1.7569-02 =5.9677-02 1,2124-02
147 7 4,86191-01 5,093%2-01  -4,525  ° 1.50000400 2,50000+04 =1,27000¥03 5,00000+05
3,5504-01 -1,3119-01 2,6031-01 8,6837-02
15 - 3.59333-p1 ~ 3,.58448=01 173777 1.50000%00  2,50000+04 =1,27000¥03 "~ 3,00000405
2,7275-01 -1.2835-01 2.1122-01 6,4057-02
CI6T T 2T T5B25<-p1 2. 685%5-01 I.423 T 1350000¥00 2, S0000F0Y =1, .
1,2256~01 =1.4012-01 =1.9513-02 3,7745-02
17 7 1,87141-p1 T 2,15835<01 " =5.609 "~ 1.,50000+00 2,50000+0% =1,47000+03 " 3,00000+05 "
4,0282-02 =1.3728-01 =6.8605-02 1.4965-02
187 '3,26303-p2 6,51280=03 " 53105 " 5:00000-01""3,50000+04 ~~1,27000+03 - 5700000+05 "
1,0678-02 =5,9209~03 3,6764-02 1,7155-03
TUUT9 T T 2YBIS9N=02 2358620702 =.528 5.0 0000- . . N
=7,1602-02 =3.0799-03 =1.2328-02 -2,1065-02
2D T 2,16500-01 77 2,12807<01 7772277 5, 90000-01" "3, 50000404 =1, 47000+¥03 " 5,00000+05 "~
-2,2179-01 =-1.4848-02 =2.4306-01 =-4,7376-02
s 21 3.50914=01 ~3,30340=01 " y.g2r 5:90000=01" " "3+50000+04 ~1:47000+03 ~3,00000+05

-3,0407-01 =-1,2007-02 =2.9215-01 -7,0156-02
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22 1,35631-01 1.38066=01 _ -.476 5.00000~01 2,50000+04 -1,27000+03 5.00000+05
T 1,6240-02 =1,2563-01 _2,7836-02  §,5565-
23 1,32528-01 1.51733-01  -3.754 5.00000-01 2,50000+04 =1,27000+03 3.00000+05
e R <6,6040-02 =1,2279-01 ~=2,1255-02 =1.8224-03
24 3,69174-01  3,62216-01 1,360 5.00000-01 2,50000+04 =1,47000+03 5,00000+05
T T T S 162301 =1, 3856=01  =2,5199-01 =4,4535<02
25  5,33622-01 4.74066-01  11.641 5.00000-01 2,50000+04 =1,47000+03 3,00000+05
T =2,9851-01 -1,3172-01 =-3.0108-01 =6.7315-02
"AVERAGE ERROR IN FUNCTION = 3,860 T T .
CEFFECT OF VARYING "RAYK2 = 8U.640 47,810 T

EFFECT OF VARYING 2-28 =
TEFFECT OF VARYING SI=%1 = 56.973 52,023
~ EFFECT OF VARYING 2Z-40 =

MINIMUM OF EXPERIMENTS
Ty T2 2008902 e 1.00000+00 4,00000%04 =1,37000403 4,00000%05 -

"RELATIVE MINIMUM WITH RESPECT 10 ~RAYK2 AND  Z-28B

"RECATIVE MINIMUM WITH RESPECT YO Z-28 AND Si-41

RELATIVE MINIMUM WITH RESPECT TO " 2=28 "AND < Z—4Q ~~ ~~~ i rrrrimmrmmrmmmsrmmermmmmmemmmm e mmm e e

T OPTIMUM OF FUNCTION
.. "1,38198-03

—61-(—
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CITERATION NOG L 7 77 777 7 o T T s T S s T T S DS S S e s s m e m e s e

EXPERIMENY FUMCTION PERCENT R
NUMBER SSQERR APPROX.  ERROR RAYK2 Z-28 S1-41 2-49

e e 1 2K 7 86=02 T 12578502~ i g00- 7+ #8856=01 -3, 50000+04 ~1532503+05 4, 25582+05
1,0456-02 =1.3701-02 9.15679-03 8,3809-03

2 1,00891-01 9.,18979=02 -~ £.258 - 1.24886+00  3.50000+04% ~1,32503+03  4.,25582+05 -
6,8863=02 =9.,4707-03 6.4547-02 3,9990-02

3 4, 17664=02  5,00724=02 - =5,780 - - 2v48856=-01  3.50000+04 =1,32503+03 " 4.25582+05 - -
-4,7950-02 =1.7931-02 =4.6212-02 =2,3228-02

Cfp T 27128TE=02 C2735809=02 =13 596 T 4B88S6=~01 — %7 I T I+ ot —1.32503+03 4 25582+05
1,4687-02 2.4663-02 1.,3789-02 7.6396-03

L 8,13256=02" 7.83446=02 -~ 2.074 - Ti48856=01  2.65886+04 =1:32503+03 - 425582+05 - -
6,2262-03 =5.2065-02 4.5465-03 9,1222-03

6 - 1,37998=01 ~1.30466=01 - " 5.2Ut-- - 7,48856=01 -3.50000+04 -1,21500+03 - 4,25582+05 -
6,5836-02 =9,0795-03 1.0872-01 3.2058=-02

7 8,69490502 . ITU2=02 =g TEI T T4 B856=01 350000+ 0% ~ 1 4350 T+03 4, 25582405 —
-4,4923-02 =1.8322~02 =9.0384-02 =-1.5296-02

‘8 5,01579=02  5,01609=02 -~ =,002 - - T:48856=01 " 3.50000+04 =1,32503403 ~6.,25582+05
4,2066-02 =-1.4442-g2 3.2845-02 2.9201-02

9 1,73277-02  1.66373=02" 480 7:48856=01 " 3,50000+04 =1,32503+03  2.,25582+05
-2,1153-02 =-1.2960-02 =-1.4509-02 =-1,2440-02

U1 T, 29628=01T 1,055 7=0r —=7.607 9v98856=01  J. 9205 T+t~ 27002+03 5,25582+0%
8,5269-02 9.5363-03 1.0078-01 4,6064=-02

B § 6,88139=02 6.,92497=02" "~ <.303 " ~9,98856=01 " 3.,92057+04 ~1,27002403 " 3,25582+05 -
5.3660-02 1.0278-02 7.7105-02 2,5243-02

12 4, 25267-02 3.85428=02  ~ 2.772° - 9,98856=01" "3,92057+04 =1,38005+03 - 5.25582+05 -
2,9890-02 4.9149-03 1.2312-03 2,2387-02

TR T S27H3S02 T IJES901IS02 TN ETE T 9. 98856=01  "3,92057+ 04 =1, 38005¥03  3.25582¥05
=1,7196=03 5.6562-03 =2.2446-02 1.5661-03

14~ 1,56292=01 1.59848=01 ~"=2.474% ~~ 9,98856=01" 3,07943+04 =1,27002+03 5.25582+05
8,1039-02 =-2.8828-02 9.6161-02 4,6805-02

B ] 8,54567-02 8.70586-02 ~=1.115° © '9,98856=01  3,07943+04 =1,27002+03 3,25582%05 "
4,9430-02 =2.8087-02 7.2484-02 2,5985-02

T I8 6,85912-02 7 6,70772<02  I.053 T 9.98856=01 3.079U3¥04 =1,38005+03 5.25582F05
2,5660-02 =3.3449-02 =3,3902-03 2,3128-02

17 3,33115-02  4,16419=02 ~ =5,797 9,98856-01  3.07943+04 -1.38005+03 ~3.,25582¥05 "
-5,9498-03 =3,2708=-02 =2.7067-02 2.3074-03

18 3,57983=02 2,84248=02  TS5.L31° 7 T 4.98856<01 "3,92057%04 =L,27002+03  5.25%82+05 "~
2,6863=02 5.3061-03  4.5403-02  1,4454-02

TI9TTTTT 1,90920-02 T2, 03365702 =.B66 Y 98856=01 3. 92057¥0% ~1,27002%03 3.25582¥05
-4,7467-03 6.0474-03 2.1726-02 =-6,3661-03

20" 3,90414-02  3.71700<02 ~ 1v302 T 4398856=01 " "3,92057+04 =1.38005+03 ~5.25382+05 "
-2,8517-02 6.8469-04 ~-5.4148-02 -9,2227-03

21 7.90351-02 " 7,64359=02 " 1.809 " " %,98856=01 " 3,92057+04 ~1:38005+03 " 3,725582+05 -

-6,0126-02 1.4260-03 =-7,7825-02 =3,0043-02

_Og_

T66—TMNG



22 5,57621-92 5.61768-02 ~-.289 4.98856=-01 3,07943+04 ~1,27002+03 5.25582+05
T o T 2,2632-02 7 -3.3058-02°  §4.0782-02 1.5196-02
23 4,16650-02 4.66059-02 -3.438 4.,98856-01 3.07943+04 -1.27002+03 3.25582+05
' o ~-8,9770-03 =3.2317-02 1,7105-02 -5,6248-03
24 7,36437-02 7.41648-02 -¢363 4.98856-01 3.07943+04 -1,38005+03 5,25582+05
' ' ' ) - =3,2747-02 =3,7680-02 -5.8770-02 -8,4814-03
25 1,23150-01 1.11948-01 7794 4.98856-01 3,07943+04 -1.38005+03 3,25582+05
T o T e e 35602 <3,6938-02  ~8,2447-02 -2,9302-02
~ AVERAGF ERROR IN FUNCTION = 2,751 e
"EFFECT OfF VARYING RAYKZ2 = 61,451 20,310 o S o
EFFECT OfF VARYING 2-28 = 6.032 47,836
" EFFECT Of VARYING SI-41 = 87,271 s1,749  ~ 77777
EFFECT OfF VARYING 2-40 = 26.149 3,305 ~

MINIMUM OF EXPERIMENTS
Ty 1,258786=02 T T T T 7, 48856-01° 0 3.,50000+0% =1.32503+403 4,25582%05

" RELATIVE wINIMUM WITH RESPECT TO RAYK2 AND ™ Z-287 - -

RELATIVE mINIMUM WITH RESPECT TO RAYKZ2 AND  S1-41
RELATIVE MINIMUM WITH RESPECT TU "RAYRZ2 AND ™ Z=WQ "~~~ "7 w777 0 mrrrrmrrrrmrm o mmm e m e o e

"RELATIVE wINTMUM WITR RESPECT TO ~Z-=28" AND S1-41 '"'
RELATIVE MINIMUM WITH RESPECT TO ~Z=28 AND =~ Z=8Q "~ =~~~ 7w 77 i rriormmmsrrmommss s e mm e e e

'RELATIVE MINIMUM WITH RESPECT TOU ~S1=41 AND ~Z=WQ =~~~ = 77 77700 77 mrmm momm o i mm s m e m e s

© T OPTIMUM OF FUNCTION

6,58715-03 8,31579-01 3.57943+04 -1,33213+03 3.11907+0S
T ' T T L 0205-03 T =9,2553-03 ~1.1149-03 ~ 1,7883-04
B ) ~ PREVIOUS vaLue T 7.48856-01 3.50000+04 -1,32503+03 4.25582+05
-  PRESENT VALUE 8.31579-01 3,57943+04 -1,33213+03 3,11907+05
ABSOLUTE DIFFERENCE 8.27225-02 7,94281+402 7.10054+400 1.13674+05

T TEPSILOMN REQUESTED T 7 5,90000-03  5,00000+02 2.00000+01 5,00000+03

_-[g_
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o T TERATION NOG 727 ~mo e

EXPERIMENT ' FUNCTION PERCENT
NUMBER SSQERR APPROX,  ERROR

T 4,52130-03 T #,52123503 T w000

277773,38720-02  2,B9300-02  6.464

3 72,97396-D2  3.30054-02 -4,271

RAYK2 2-28 S1-41 Z2=-40

T T8Y3I579=0T 3. 57943 0F =15

-1,0189-03 -5,9720-03 -1.3385-03 =2,9714-03
TTTLVI5797400 T 3 579¢3F0H4 =1,33213403 7 3.11907¥05
2,5428-02 =2.5968-03 1.8703-02 2.4661-02
" 5,05192=01  3,57943+04 +1:33213%¥03 " 3,11907¥05 -
-2,7465-02 =-9,3471-03 =2,1380-02 =3,0604~02

Ty T129186=02 7 TT297T68=02 T T =081 T 873157901 4, 25691F 04 =

2,3563-03 1.4428=-02 4.,9677-04 =2,4184-03

TS 3,86029-02  3.68646-02 T 2.274 T 8:31579=01 2,90194+04 +1;33213403 3,11907+05
-4,3940-03 =-2.6371-02 =-3.1738-03 =3.5244-03

3 3,02309-02 2:69128=02 4340 B8:31579=01 3:57943+04 ~1:27712403 3,11907+05
1,9023-02 =-4,1367-03 2.3730-02 1.2383-02

ST 306247502~ 3v22668=02 =2 N8 831 ; : :

-2,1060-02 =7,8072-03 =-2,6407-02 -1.8326-02

8 3,16839-02 ~3.84847=02  ~8:895  -B:31579-01 3:57943404 =1;33213+03 - 5,1190T4+05 -
2,6614-02 =5.4190-03 1.4016=02  3.6935-02

9 5,88474-02 5,03704~02 11,087  ~8,31579-01" -3,57943+04 =1,33213+03-1+11907+05 -

-2,8652-02 =6,5250-03 =-1.6693-02 =4,2878-02

T T 5721354502 T 555 T16=02 =4 H9s 9398 772=01 S 18I THOt ~ 1 S046I+03 4 1190705

3,7729-02 7.1095-03 2.9811-02 3.,8752=02

11 1,64637=p2 1,79744=02  =1.976  ~  9.94772=01 3,91817+04 ~1 3046303~ 2,11907+05 -
1,0096=02 6.5565-03 1,4457=-02 =1,1546=-03

12 2,30958-02 2,10176=02 2,718 9,94772=01" "3,91817+04 =1,35964+03 4,11907+05 -
1,7688=-02 5,2742-03 4.,7428-03 2,3397-02

TTU13 0 U IT2T1IB0-02 TYVGIZ91-02T -2.630 T 9.,94772=01 3, =1, .

-9,9451-03 4,7212-03 =-1.0612-02 =1,6509-02

1y 6,22487-02 " 6,17522=02 T L6497 T T9.gu772=01  3,24068+04 =1,30463¥03 U4, 11907405
3,4354=-02 -1,3290-02 2,7976-02 3,8199-02

IS =~ 2,14511-02 2,52609-02 ~~=4,983 9,94 772=01  3,20068+04 =1,30463¥03 2, 1190T+05
6,7211-03 =1.3843-02 1.2622-02 =-1,7075-03

16T T 3,35891<02 7 3,08687-027 " " 3.558 7 9,94772=-01 3,200 =1, .11

1,4312-02 =1,5125-02 2.9075-03 2,2844-02

17 1,89987-02 2.,50861-02  =7.962 = 9.,94772-01  3,24068%04 =1,35964%03 2,11907¥05
-1,3320-02 =~1.5678-02 =1.2447-02 -1.7062-02

18 1,16020-02 6,56007-03  6.59% T 6,68385=01 3,91817304 =1,30463¥03 "W, 1190705
1,1283-02  3.,7343-03 9.7699-03 1.1119-02

19 = "72,08773=02 2,42283=02 =4, 383 6 v6B8385= . =1, .

-1,6350-02 3.1814-03 =5,5845-03 =2,8787-02

20 1,52680=02 1,20889%02 4,158  6,68385=01  3,91817+04 =1,35964+035 " 4,11907+0% -
-8,7589-03 1.8991-03 =1.5299-02 =4,2353-03

21 5,89238=02 6,04658=02 —=2.017 " 6i68385=01 I, 91817+04 ~1.3I5964+03 - 2,11907+05 -

=-3,6392-02 1.3461-03 -3.0653-02 -4,4142-02
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22

23

24

EFFECT OF VARYING

- 25.

 MINIMUM OF EXPERIMENTS

1

RECATIVE mINIMUM

RELATIVE MINIMUM
RELATIVE MINIMUM

T OPTIMUM OF FUNCTION

TPREVIOUS VALUE =~
PRESENT VALUE

ABSOLUTE DIFFERENCE

T U EPSILOM REQUESTED

2,08713-02 1,94909-02 1.805 6.68385-01 3,24068+04 -1,30463+403 4.11907+05
o S T T T 967403 —1.6665- s = . =

3,51414~02 3,82651-02 =4.(86 6.,68385-01 3,24068+04 -1.,30463+03 2.11907+05
o T T =1,9725-02 -1.7218~02 =7,.4198-03 T -2,9340-02

2.91554-02 2.86902-02 _  .608 6.68385-01  3.24068+04 ~1,35964+403 4.11907+05
=1,2134-02 -1,8500-02 ~-1.7134=02 ~-4,7883-03

8,09788-02 7,81731-02 3.670 6.68385~01 3,24068+04 -1,35964+03 2,11907+05

=3,9767-02 -1.9053-02 ~3.2G8B-02 -#,4695-02
“AVERAGF ERROR IN FUNCTION = =~ 3,834
CEFFECT O VARYING RAYK2 = 38,388 32,983 S e

EFFECT OfF VARYING 2-28 = 10.978 44,576
EFFECT O VARYING “SI-41 =33,626 34,141
(EFFECT Op VARYING 2-80 = 35,526 71.05%
TH,52130-03 T T T BYAIET9-01 3, 5794 3F0L =1, 33ZI3403 T 3 11907¥05
RELATIVE wINIMUM WITH RESPECT TO RAYRZ AND  Z-28
RELATIVE WINIMUM WITH RESPECT TO ~RAYKZ AND ™ Si-@y  ~ 77 77 7 i
WITH RESPECT 'TO 7 RAYRZ AND ~ Z<WQ 777 7777 7 o m e e e e
RELATIVE "mINIMUM WITH RESPECT 7O~ Z2-38" AND 5141

WITH RESPECT TO ~2=28 7 AND  Z~40Q 7777777 777 T e e e
TWITH RESPECT TO " S1=41 AND ~ 240 7 777 7o

_2,55757-03 . 5.95392-01 3,66126404 ~1.31375403 4.00272+405

=8.4261-04 =5.0928-03 -4.5818-04 ~=1.3806-04

T B.31579-01 3.,57943+04 -1.33213+403  3,11907+05
5495392-01 3,66126+04 =-1.31375403 4,00272+05
 2.36187-01 8,18286+02 1,83858+01 8.83647+04
T 7 5.00000-03 5,00000+02  2,00000+01  5,00000%03 " "
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TTTTERATION NOGw 3 - - 77 mrommr o mm e

EXPERIMENT : “FUNCTION PERCENT e
NUMBER SSQERR APPROX.  ERROR RAYK2 z-28 S1-41 2-40
----- —— 1 5, 59616=03 516 T =y3%00  5.95392=01 3, . ’
-2,9558=04 =-2,5001-03 6.5011-04 8,9708-04
T T 1,483333-02 0 1,36236<02 0 3,154 7+95858=01 " 3,66126¥0% =1, 31375403 4,00272¥05
8,2465-03 =7.1562~04 7.9154-03  7,4239-03
Cemeeemg oot noR TR 1 o4B8060=02 =2, 495 T 339492701 -3,66126+04 131375403 -4,00272+05
-8,8377-03 -4.2846-03 -6.6152-03 =5,6298=03
e e G R B TS 99139603 =2 152 ————5+95392~0 0 0 0
1,4889-03 6.8013-03 1.7883-03 1.2655-03
e 2 0536802 C1599745-02 - 23499 -~ 5:95392=01- 31874 7+04 ~1:31375+03 - 4 00272+05 -
-2,0801-03 =-1.,1802-02 =-4.8803-04 5,2868-04
o1, 805 T T=02 - 1:79950-02 - 2+057 - - - 5+95392=01 - I, 66126+04 - ~1: 27904+03-- -4 0 0272405 -
6.9697-03 ~-1,3620-03 1.1672-02 5,0616-03
______ —T "’—"‘—1':502'30-02 “hﬁﬂﬂﬁ'ﬁﬂ"‘ﬁ‘l—.ﬁﬁi——ﬁ. 0 . 0
-7,.5609-03 «3.6383=-03 =1.0372-02 =3.2674~03
S 1387902 - 13800402 - ~13 389 - 5:95392=01- -3, 66126+04 =1:31375+03 - 5,00272+05
6.2313-03 =-2,1317-03 4.,8146-03 7.2306~03
9 1, 0641602 1,02124~02 - 1:+909 - 5:95392=-01-- 366126 +04 —1: 31375403 3400272405 -
-6,8224-03 =2,8685-03 -3.5144-03 -5,4364~03
sy 2031269502 2038 T8~ 02— =5, 20% 6% . 0 v
1,1764-02 3.7961=-03 1.2445-02 9,5937-03
11 7 1,10659=02 1,09939=02 -, 320" 649562501 "3 ¢89815+04 ~~1 ;29639403 -3, 502724+05 -
5.2369-03  3.,4277-03 8.2806-03 3.2602~03
R ¢~ 1,03244=02  9,97970-03 " 1:532  6.95625-01 3,89815+04 «+1,33110+03 4,50272+0% -
4,4985-03 2.6580-03 1.4230-03 5.4292-03
T ® T U5 B8580-03 T 5.45478=03 T .582  6.95625-01 3, =1, .
‘2.0284-03 2.2896-03 —2t741u-03 _900“29-04
Ly 2,54517-02 2,55570=02 = =468 T B.95625-01 I U2U36+04 <=1,29639+03 "W, 50272%¥05
9-9793-03 "51505“-03 101307-02 902253-03
18 1,30496=02 1.,34400-02 =1:735 ~~T6:95825=01 " I, U2U3BF04 =1,729639¥03 " 3.50272¥05
3.,4524=03 -5,8737-03 7.1425-03 2,8918-03
TTIeTTT T 1, 4059402 1 39652502 S419 6.95625-01 3,U2436¥0% =1,331T0¥03  4,50272¥05
2,7140-03 -6.6435-03 2.8490-04 5,0608-03
17 9,38877=03 " 1,01771%02 ~=3.504 $.95625-01  3,42436%0% ~1.33110+03 ~3,50272%05 -
~3,8129-03 =7.0119-03 =3,8796-03 =1,2727-03
18 9,65704=03 8.,86235<03 3,532 " 4.,95160-01 ~3.,89815+04 =1,29639+03 4, 50272+0585
3,2217-03 2.0116-03 5.1798-03 3.0668-03
“19 8,93254=03 9. 0621603 T =iBTE 4795150 ; ; .
-3,3051-03 1.6432-03 1.,0153-03 =-3,2667-03
20 9,90457=03 " 9,52480-03 1,688 " 4.95160~01 "3,89815+04 =1 :3I3110+03 450272405 -
-4,0436~-03 8,7348-04 =-5,8423-03 -1,0976-03
21 1,80664=02 "1,80536=02 3057 " %#i95160=01 ~3v89815+04 ~1:33110+03 3,50272+05 -
-1,0570-02 5,0508-04 <=1.0007-02 -7,4311-03

-f'(g"
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RELATIVE MINIMUM WITH RESPECT TO

22 1,40371-¢2 1.41406-02 =460 4.95160-01 3,42436+04 -1.29639+403 4,50272+05
’ o e D T Y -5 - R ZBW—UB—TUTI?—UTW
23 1,46455-02 1,50772-02 -1.919 4. 95160 01 3.42436+04 ~1,29639+03 3.50272+05
- ' 7 =5,0897-03 =7.6583-03  -1.2281-04 -3,6351-03
24 1,69388-02 1,70793-02 -¢625 4.,95160-01 3,42436+04 -1,33110+03 4,50272+05
' ' o T T T -5,8281-03 -8.4280-03 -6.9804-03 -1.u660-03
25 2,70197-02 2.63449-02 2.999 4, 95160 01 3,42436+04 =-1.33110+403 3.50272+05
- Co T B T T -1,2355-02 -8,7964-03 -1.1145-02 =7.7995-03
26 4,52130-03 4.57308-03 -.230 8,31579-01 3.57943+04 =-1,33213+03 3,11907+05
T T T =1,5571-04 ~2,9326-03  =5,0527-04 7.2067-04
AVERAGg ERROR IN FUHCTION = 1,596 7 i
T EFFECT Of VARYING "RAYKZ = 73B,B35 38,441
EFFECT Of VARYING Z-28 = 17,300 66,408
EFFECT OfF VARYING "S1=41"2757,167 41,900 T T e e
EFFECT OF VARYING Z-40 = 35,077 22.u426
MINIMUM OF EXPERIMENTS
Y A A - F-5 . 1 I 1 I 2 . = . 04 =1.33213¥03 3.11907¥05
RELATIVE MINIMUM WITH RESPECT TO ~RAYKZ2 AND ~Z=-28 7 7 77 irimmmimmmrrrromssm oo e

RELATIVE HINIMUM WITH RESPECT TO

RELATIVE mINIMUM WITH RESPECT TO

RAYK2 AND Z-40

2=28 TAND T TSy=4q T e

RELATIVE MmINIMUM WITH RESPECT TO '2-28 "AND " Z=u4Q ~~ 7 777 7 i e

RELCATIVE mINTMUM WITH RESPECT 1O Si-G1 AND Z-G0 ~

OPTIMUM OF FUNCTIOM

3.40923-03

8.98919-01 3,70865+04 —-1.33324+03 2.66422+05
7=5,9372-09  =1,0914-09  5.2387-10 -6.7521-09

PREVIOUS VALUE
PRESENT VALUE

ABSOLUTE DIFFERENCE
© " EPSILON REQUESTED -

5.95302-01 3,66126+04 ~1,31375+03 ,00272+05
18.98919-01 3.70865+04 =1,33324+03 2,66422+405
3.03527-01 4.73962+02 1,94925+01 1,33851+05

5.00000-03 5.00000+02 2,00000+01  5,00000+03
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T TERATION NOo 777777

EXPERIMENT FUNCTION PERCENT" : : Tttt e e
NUMBER SSQERR APPROX, ERROR RAYK2 Z-28 S1-41 Z-40
T e R O IFSYE3 T CH O TES =03 TS GO0 T T 8989 T9=01T . 7086 SOt =1 III2UH 03— 2, 66422+¥05
2,9312-05 1.0201~04 =-4,5834-05 -5,6687-04
gt T,57380=03 7. 3827403 2,483 T 1yg1278+400 " 3.70865+04 =1.33324+403  2,66422%05 -
3,3389=-03 4,5736=-04 2.1090-03 2,7920-03
T3 TV10292=03 0 7.26549=03 7 =2.113 7.85062=01  3,70865+04 =1,33324+03  2,66422+05 -
-3,2803-03 =2.5333-04 =2.2007-03 ~3,9257-03
G TG, B03TB=0S T 6 B2 IS=0S T TS 26T T B 9891901 I 96653408 =13 333U+ 05 2 B6H22+0S
3,8466-04 2.5076=03 1.2520-04 =-5,2331-04
5 T 6,26495=03 6.21609=03 <635 " B8,98919=01" I.45078+04 =1,33324+03 - 2,66422+05 -
~3,2603-04 =2.3036-03 =2.1687-04 =-6.1044=04
6 6,57671=03 64687803 1+403 - 8+98919-01  3,70865+04 -1;31589+03-  2,66422+05 - -
2,1841-03 2,7305-04 2.5001-03 1,0890-03
T ©6,57269=03 T 665212=03 =1L 032 879891901 3, 708650t ~1 35059+ 03 2, 66422405 ——
-2,1255=03 =-6,.,9022-05 =2.5918-03 =-2,2228-03
8 7,20098=03 " 7.49129=03 ~=3,773 - 8:98919<01 "3,70865+04 =1 ,I3324+03 - 3,32381+05
3,3882-03  1.4558=-04 1.6101-03  4,0436-03
9 1,00776=-02 9,.75879-03 " 4.143 " 8,98919«01 3,70865+04 =1,3332%+03 - 2,00462+05 - &
-3.3296=03 5,8451-05 =1.7018-03 =5,1774-03 N
107~ 1,08846=02 1. 06208~02 " =I 7T 9 SS84T=0T 3 B83TSOF Ot =1 324 56F03 2. 0040IF 05— !
4,6186=03 1.,5898-03 3.2180-03 4,2676-03
11 6,65097-03 6.69622-03  ~ =-.588° 9.55847=01  3,83759%04 =1,32456403 2.33842%05
1,2598-03 1.5462-03 1.5621-03 =3,4296=04
12 6,81009-03 6.73071=03 " {.632 ~ 9.55847=01 3,83759¥04 <1,38192+403 2,99%01+05
2,4638-03 1.,4187-03 6.7209~04 2.6116-03
I & 6, 06941=03 6. 11796-03 ~ =.8B91 ~ 9.55847=01  3,83759F00 =1, 34192+03 2,.33442¥05
-8,9506~04 1,3752-03 -9.8383-04 =1,9989-03
14 9,88628-03 9,84685-03  .512° 9.55847<01  3,57972+08 =1.32456F0% ~2,99%01305
4,2633-03 -8.,1581-04  3.,0470-03 4,2240-03
15 5,85249-03  6,00938-03  -2.039 9.55847<01 " 3,57972+04 =1,32456%03  2,33442%05
9,0441-04 =8,5937-04 1.3911-03 =3,.8652-04
16 T B 41552503 T 6,29882=03  1.517 T T 9.5SBG7=01 " 3.57972¥04 =1,34192¥03 T 2.99401¥05
2,1085-03 =-9,8685-04 S5.0106-04 2.,5681-03
17 T 5,53401-03 5.77318=03  =3.109 9.55847=01  3.57972+04 -1.34192+403  2.,33442¥05
-1,2504=-03 =1,0304-03 =-1,1549-03 -2,0424~-03
18 7 4,91517+03 4,69317=03  2.885 7 T 8,41990-01  3,83759¥04 ~1,32456¥03 T 2,99401+05
1,3090-03 1.2344-03 1.0632-03 9,0869-04
197~ 7,35828=0F 7 48630-03 T =1.660 T BIHI990=01 3, 83759F 0% =1 32456¥035 2, 33%42¥05 o
-2,0498-03 1,1909-03 =5,9273-04 =3,7018-03 §
20 5,25827-03 5.11270-03  1.892 T 8.%1990-01  3,83759+04 =1.34192+03 " 2,99%01+05 - =
-8,4579-04 1.0634=-03 =-1.4827-03 ~=7,4723-04
21 1,11611-02 1.12177=02 =736~ 8,41990=01 3,83759+04 =1.34192+03 2, 33442405 $
-4,2047-03 1,0198-03 =-3.,1386-03 =5.3577-03 =



22 4,68711-03 4,62989-03 JT44 8.41990-01 3.,57972+04 —-1,32456+03 2.99401+05
' ) ‘ T T e BRg9=0 =1, 1712063 8.9216-0%  8.6513-04

23 7.41360-03 7.51015-03 ~1.255 8.41990-01 3.57972+04 -1.32456+03 2.33442+05
T e ' T T T L i 052-03  =1.2147=03 <7.6376=04  =3,7454=03 "
24  5,41957-03 5.,39149-03 = .365 8.41990-01 3,57972+04 =-1.34192+403 2,99401+405
~1,2011-03 -1.3422-03 -=1.6538-03 =7.9079-04

25 1,17085-p2 1,15836-02  1.624%  8.41990-01 3,57972+04 -1.34192+03 2,33442+05

=4.5600-03 -1.3858-03 -3.3097-03 =-5.4013-03

" AVERAGE ERROR IM FUNCTION = 1,539 B T . T
"EFFECT OfF VARYING RAYK2 = 46,260 40,140 T B T
EFFECT OF VARYING 2Z=28 = 33,653 29,249
TTEFFECT OfF VARYING  S1=G1 =733.301 33,249
__EFFECT OF VARYING Z-40 = 41.415 78,802 S

MINIMUM OF EXPERIMENTS
ST M e1456-03 T T T T T T8 98919-01 3, 70865404 ~1.33324403 7 2,66422405 T
"RELATIVE MINIMUM WITH RESPECT TO RAYRZ2 AND ~Z-28
"RELATIVE ymINIMUM WITH RESPECT TO RAYKZ AND Si=81 T
RELATIVE MINIMUM WITH RESPECT TO ~RAYK2 ARD zZ-%0 T
"RELATIVE MINIMUM WITH RESPECT TO Z2-28 AND Si-91
"RELATIVE wINIMUM WITH RESPECT TO ~2=38 ~AND ~Z=40 7 7 7 i
RELATIVE WINIMUM WITH RESPECT TO ~S1=41 AND ~Z=40 ~ ~ 7 777 7777 i oo e e
" OPTIMUM OF 'FUNCTIOM

3.59153-03  7.91138-01 3,72374+404 -1,32674+03 3.11109+05

=3,7835-10 =1.0459-10 -1.3242-05  2.9104-10

CPREVIOUS VALUE 7 T TUBIGB9T9-01 T 3.70865+04 =1,33324%03 2,66422+05
 PRESENT VALUE 7.91138-01  3,72374+04 =1,32674+03  3.11109+05

ABSOLUTE DIFFERENCE 1.,07781-01 1,50912+402 6,50127+00 4.46874+04

T U TUEPSILONM REQUESTED T T T 5.00000-03  5,00000+402° 2.00000+01  5,00000+03
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Lo Ty TERATION WO 57T e e T T mm e

EXPERIMENT © FUMCTION PERCENT- T S mTosoesssoosooeeeoo
NUMBER SSQERR APPROX.  ERROR RAYK2 2-28 S1-41 Z-40

e I T4 3RS0 I TS0 T 000 T gIT3I8=01 3, T2 ITHF Ot~ 326 THF 0T 3, 1110905 —
-7.,4919-07 4.,2257-05 2.1981-05 1,1694-05

2 T B,B5264=03 ° 4,82209=03 " 1.270 " T 8uS8330<01 3. T23T4¥0t% ~1.32674+03 " 3,11109+05
1,0785=03 2.,1343-04 8.6313-04 8,8434-04

3 7929803 7 $.82509=03 T =1.33% - T7.23946=01 372374404 ~LiI26TH403 - 3711109405 -
-1,0800-03 =1,2892-04 =8,1916-04 =-8,6096-04

e g 8095 856=03 T H o836~ 0T = Ot T T 9 38=01 390225+ 04— 1326 TH 03— I 111005
1,7043-04 1.1970~03 1.2457-04 3.8663-05

- 4,83807-03 " 4:81458=03 3976~ 7:91138=01 ~F OU524+04 ~1i32674+03-- 31 1109+05
-1,7192-04 =-1,1125-03 -8,0603-05 =1,5274-05

CE T 4,99218=03  4.97584=03 679 Te91138-01 - 3,72374+04 ~1.I1566+03--3,11109+05 -
8,4040-04  1.4484-04 1.,2095-03 5,3410-04

- T 8700103 R 887903 S T 38=0 T 3 T2 ITH 04 1 IIBH2e 0T I T TI00r 05—
-8,4189-04 =6,0327-05 =1.1656-03 ~5,1071-04

8" 4,69143-03  4,71349«03 =917 - Ti91138=01 I 72374404 =1;32674+03 3, 44089405
8,7190-04 6.9226=05 5.4439-04 9,5747-04

9 4,68722-03  4,66671~03 - o852 Te91138=01  3,723744+04 —1,3267H+03 - 2,78129+05 -

-8,7340-04  1,5289-05 =5.0043-04 =9,3408-04
T T 6,15018=03 6, IT98I~0Y T =Te232 — 82873401 381299404 ~1i32090+03 327599105 —
1,4814-03  7,7000-04  1.3488-03  1.1956-03

11 B,73903=03 ~ 4,73440=03 " .192 " 8,24734=01 " 3 81299%04 =1.32090+403  2,94619+05
6.0872-04  7.4304=-04 8.20642-04 2,4982-04
12 4,68521=03 4,66972=03 J644" © B.24734=07 3,81299404 =1,33258403 ~ 3.27599+05 -
6,4022-04 6.6742-04 1.6128-04 5.7319-04
13T 8,27312503 CH,26912=03 77 LI66 T U8 ZUTIN=0T 3, BI299F 04 =1, 33258%03 2. 94619¥05
-2,3243-04 6.4045-04 =3,6113-04 =2,7259-04
14 5,79340=03  5.79457-03 ~  =.B49 T B.24734=01 " 3,63449+04 =1,32090+¥03 " 3.27599+05
1,3102-03 ~3.8476-04 1.2462-03 1,1686-03
1S5 4,38237-03 4.40309-03  =.861 " 8.24734=01  3,63U49+04 =1,32090%03  2,94619+05
4,3754=04 =4,1173-04 7.2383-04 2,2285-04
16~ ¥L,496U6=03 4 G8I6U=03 T T 283 T8 247IN=01 T 3.634U9F08 =1,33258%03  3,27599¥05
4,6905-04 =4,8735-04 5.8691-05 6.4622-04
17~ 4,10402-03 4,14298=03  =1.619  ~ B.28734=0f 3,63449+08 =1.33258+403 2,94619+05 -
-4,0360-04 =~5,1432-04 =-4.,6372-04 =2,9956-04
18 4,33572-03 4.29634=03  {.637 T 7.5754Z<01  3,81299%04 =1,32090%03 ~3,27599+05
4,0210-04 5.9883-04 5.0768-04 3,2295-04
19 4,59055=03 " 4,59623=03 =236 T 7V57S4 20T 3, 81299F 04 =1, 32090403 T2 96 19¥05
-4,7055-04 S5.7186-04 ~-1.4729-05 -6.2283-04
20 4,49040-03 U4.46853-03 909 " 7.57542-01 3,81299¥04 =1,33258+403 3,27599+05 "
-4,3904=-04 4,9625-04 =6.7987-04 =1,9946~04
21 0 5,81482-03 " S.81323=03 7 066 T T T.57542=01  3,81299+04 =1.33258403 " 2,94619+05

-1,3117-03 4,6928-04 =1.2023-03 -1,.1452-03

_gg-
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22 #.25059-03  4,25345-03

23  4.59219-03 4,60727-03

24 4,62660-03 4.63081-03

EFFECT OF VARYING RAYK2

-.119 7.57542-01 3,563439+04 =-1,32090+03 3,27599+05
T T T U3093-04  -5.5594=-04 4.0509-04  2,9598-04
~.627 7.57542-01 3.63449+04 =1,32090+03 2.94619+05

T L6, a172-04  ~5.8291-04  -1,1731-04 T-5.4980-04
3,27599+05

-e175 ~ 7.57542-01 3,63449+04 -1.33258+03

-6,1022-04 -6.5852=04 ~7.8245-04

=2.2643-04

EFFECT OfF VARYING SI-41

" OPTIMUM OF FUNCTION

25 6,06022-03 6,02945-03 1.279 _ 7.57542-01  3,63449+04 -1.,33258+03 2.94619+05
~1.4829<03 =6.854§9-04 ~=1.3049-03 —-1.1722-03
“AVERAGE ERROR IN FUHCTION = S SU- T o o e
= 46,067 43,588 T T B Tt
FFECT OF VARYING Z=28 = 50.470 45,461
Z51.867 46,789
EFFECT OF VARYING 2Z-40 = 39,366 39,191
MINIMUM OF EXPERIMENTS
R . W 2T TR, 5 T 3 Y AP X I . 1: T 1 § R P -2 ¥ £ (DS B -1 4 E Y S P B B 41 °F 1 o
‘RELATIVE MYNIMUM WITH RESPECT TO RAYKZ AND Z-28 -
RELATIVE LINIMUM WITH RESPECT TO ~RAYKZ AND ~Si=G1 777 7777 7 mimmiimroo womrmrmrmsms s n s
RELATIVE MINIMUM WITH RESPECT TO ~RAYRZ AND  ZS$Q =~ 7 77 77 777rommmos moimmososssmmsmssnos somes T
RECATIVE HINTMUM WITH RESPECT TO ~ 228 AND 5141
RELATIVE MINIMUM WITH RESPECT TO '2=28 " AND ~ ZLGQ = 7 77777 /7 777 s mmim o i s m s s s s
RECATIVE MINIMUM WITH RESPECT TO S1=GL AND W ZaW0 = 7777 77 o o mrm s oo s o oo s oo e m e
3,73857-03 8.03287-01 3.71431+04 =1,32772+03 3.06785+05
T T T T T 0213=107  Y.03006-106 0 I.0214-09 7 4,329Z=10
T PREVIOUS VALUOE T 7.91138-01 3.72374+04¢ -1.32674+03 3,11109+05"
PRESENT VALUE L 8,03287-01 3,71431+04 ~1,32772+03 3.06785+05
ABSOLUTE DIFFERENCE 1.21497-02 9,43247+01 9.84863-01 4,.32396+03

EPSILON REQUESTED

"5.00000-03  5.00000+02  2,00000+01

5,00000+03
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“{TERATION NO. &~~~ 7

EXPERIMENT " FUNCTION ~PERCENT LT T T e T T AT e s e
NUMBER SSQERR APPROX. ERROR RAYK2 Z-28 Si-41 Z2-40
T T T T 3, Y320 3=03 T 3L 732303 T LG0T T 8. ¢328B7-01 3. 7IUZIF0Y =1,.32772¥%03 3,06785¥05
5,4987-06 1,1754~-05 2.9283-~06 9,3924-06
AT 4, 04681-03  W,04198-D3° T W7l B8,38528=-01 3,71431¥04 =-1,32772+03 "3,06785¥05
3,0405-04 5.6279-05 2.2234~-04 2.6911-04
TR T UTTAT01700-03 0 4.01998-03 0 —L.u42 7.68066=01  3,71431304 =1,32772+03 " 3,06785%05
-2,9305-04 =3.2772-05 =2.1648-04 =2,5032-04
T TR 05 090=03 UL, 0031203 =330 8% = ) e .
5.0024-05 3.0894-04 2.7973-05 1.6252~05
5 "4 ,01019=03 4,00611=03 L B05 7 8.g3287-01  3,62380+04 ~1,32772403" 3.,06785+05
-3.9027-05 =-2.8544=-04 =-2,2116-05 2.5326-06
6 4,03513=03 "4.03510<03 004 T 8.,03287<01 "I, TI431¥04 <1.32189+403  3,06785+05 -
2.2491-04 3.6798-05 2.,9975-04 1.,5539-04
YT T TR 252103 W, 0233903 T V2707 T 8Ip3287=01 3, rItd1Fos =1, Y
-2,1391-04 =-1.,3291-05 =-2,9389-04 -1,3661-04
8 4,04719-03 4.05100=03 =564 " 8iy3287=01 I, TIU431+04 =1 32772403 3.,25263+08 -
2,6522~04 1.8613-05 1.4893~-04 3.0918-04
9 4,01909-03 4.01343=03 ~ .B39" "8.03287=01  3,T1431404 =1,32772¥03 ~2.,88307+05
=-2,5422-04 4,8938-06 =1.4307-04 =-2,9039-04
10~ THIG0TIT=03 % 108703 =518 8720908=01 3, 75957+ . .
4.1660-04 1.9856-04 3.4657-04 3,6557=-04
11 3,98033-03 3,97951=03 " ",123 8.20908-01 3,75957+04 =1,32481+03 2,97546¥05
1.5688=-04 1.9170-04 2.0057-04 6.5787=05
12 4,01578-03 4.01I455-03 ~ "~ .181 "8,20908=01 3, 75957404 =1,.33064¥03 3, 16024305
1,9719-04 1.,7352=04 4.9747-05 2.1957-04
13 "3.87402-03 3,87519=03 T =.173 T B.,20908-01 JI.75 -1, + .
-6,2528=-05 1.6666~-04 =-9,6252-05 =8,0211-05
14 4,31171-03 4,31093-03° 115 8,20908-01  3,66906+04 -1.324B1+03 3,16024+05
3,7208-04 =9.8627-05 3.2152~04 3.5871=04
15 3,89031-03 3.89329-03  -=.442 8,20908-01 3,66906+04 -1.32481+03 2,975456+05
1,1236-04 =-=1.0549-04 1.7552=-04 5.8928-05
16 '3,96517-03 3.,96471-03% T L0688 T 78,20908-01 3,566906¥0% -1, + . +
1,5266=-04 =1,2367-04 2.4702-05 2.1271-04
17 3,83188-03 3.83906-03 =1.063 © B,20908-01 3,66906¥04 =1.33064+03 2,97546¥05
-1,0705-04 ~1,3053-04 =~1.2130-04 ~-8,7071-05
18 3,88243-03 3,87621=03 T ,922 T 7.B5667-01 3,75957+04 =1,32481+03  3,16024+05
1,1805-04 1.,5404-04 1.2715-04 1,0586-04
19 3,96293-03 3.,95429=03  =.202 " T T.85667- . =1, .
. -1,4167-04 1.4718-04 -1.8846=05 =1,9393~04
20 3,92081=-03 3,91873=03 T V309 7 7.B5667=01 "I, 7595T7F04 =1,33064+03 3. 16024+05
-1,0136-04 1,2899-04 =1.6967-04 =4,0143-05
21 4,29706-03 ~ 4,29880=03 =257 " 7.85667<01 3, 75957+04 =1,33064+03 2,97546305

-306108-04

1.2213-04

—301566—0q

-3,3993=-04
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22 _ 3,86560-03 3.86533-03 <040 7.85667-01  3,66906+04 ~1,32481403 3,16024+05

7.3525-05 -1.4315-04 1.0211-0y 9,8996-05

23 3,96494-03 3,96712-03  =.323  7.85667-01 3,66906+04 =1,32481+03 2,97546+05

T=1,8619-04 ~1.5001-04 ~4.,3890-05 ~2.0079-04
24 3,95614~-03 3,95793-03  -.,265 7.85667-01 3,66906+04 -1,33064+03 3,16024+05
-1.,4589-04 =~1,6820-04 -1.9471=-04 <4,7003-05
.25 4,35431-03 4.35172-03  .384 7.85667-01 3.66906+04 =1,33064+03 2,97546+05
~4,0560-04 -1,7506-04 -3.4071-08 -3,4679-04
" AVERAGF ERROR IN FUHCTION =~ 36 T
EFFECT O VARYING RAYK2 = 46,579 42,162 S o
_ EFFECT Op VARYING 2Z-28 = 47,184 41,153
EFFECT OF VARYING SI-41 = 44,848 43,379
EFFECT OF VARYING Z=40 = 46.635 42,471
MINIMUM OF EXPERIMENTS
R T3,73243-03 T T T T T T T T T B g 388 T=01 T 3. TIA31¥ 0 =1,32772403  3.,06785+05

‘RELATIVE HINTMUM WITH RESPECT TO RAYKZ AND ~ Z=2B
RELATIVE MINIMUM WITH RESPECT TO "RAYKZ AND ~Si=4y 777 mmmrmmmmmmmmmmmmmmmmmm e e

RELATIVE MINIMUM WITH RESPECT TO RAYKZ2 AND  Z-40 e e

RELATIVE mINIMUM WITH RESPECT TO Z-28 AND 51-H1

RELATIVE mIMIMUM WITH RESPECT TO ~Z=28" AND ~Z=8Q =~ 777777 mriirmmmrommrrmmmmrmermens e e

RELATIVE nmINIMUM WITH RESPECT TO Si-=41 AND ~Z-40 W 7 rmrimimmm oo
OPTIMUM OF FUNCTIOM™ T
. 3.73135-03  B.06708-01 3.70984+04 -1.32789+03 3.04924+05
9,7771-11 1.312a8-10 8.8789-11  7,5715-11
"PREVIOUS VALUE - 8,03287-01 3.71431404 -1.32772+¥03 ~3.06785+05
PRESENT VALVUE 8,06708-01 3,70984+04 =1,32789+03 3,04924+05
ABSOLUTE DIFFEREHNCE 3.42112-03 4,47251+40% 1.63025~01 1.86077+03
EPSILON REQUESTED ~ " "5,0000~03 5,00000+02 2.00000+01 "5,00000+03
THE ITERATION HAS CONVERGED TO THE FOLLOWING SOLUTION, T
OPTIMUM OF FUNCTIOM
o ) 3.73135-03 T T 8.(6708-01 " 3 709BUFVL =1,32789+03 I3, 08492%4405
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