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RESUMEN
Se presentan los fuﬁdazﬁentos del método Simplex de opti-
nmizacidn. Se muestran los diagramas de flujo para la deter
minacidn del mimimo o el mdximo de une respuesta.

Se diseuten ejemplos de la aplicacidon del método en la
- Egpectroacopia de Abaorcic_in Atomica., Se destaca que el né~
‘ fodo gimplex resulta apropiado para la optimizacién de los

- factores experimentales en E.d.4,

ABSTRACT
The principles of the simplex optimization method are i
presented. The Information flow charts for the determina-

tion of the minimun or maximun of .a response are ghown.
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Bxemples for the application of the method in Atomio
Absorption Spectroscopy are discussed. It is pointed out
‘that the simplex method 1s useful for the optimization of
l't:he experimental factofs in A.A.S.

1. INTRODUCTION
Simplex methed (1) may be considered among the most effi
clent optimization technigues in temm of the number of ex=

periments and the ease of calculation. The method was pre-

senied bj Spendley (2). ILater was modified by Nelder and
Mead (3), introducing the flexible simplex with expansions
or contraction in the proper direction. In Analyticsl Che
mistry was applied for the first time by Ernst ((4)., Others
;autﬁoi-s (5) have argued the poasibility of applying this
me’chod to chemical systems, in p_articular to Analytical Chg

mistry (6,7), and in relation to the selection and prepro-

cessing of factors (8). The diffioulties in the applica-
tion of aimplex optimization to analytical chemisiry have
been also discussed (9).

In the present work, we will iniroduce our experiences
in the application of Simplex o Atomic Absorption Spectros
copy (AdheSe)e In this field are relatively few the works
in wich optimsl conditions are determined with the aid of
optimization methods (10,11,12,13,14,15).
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2, BASIC PRINCIPIES OF THE SIMPLEX METHOD

Pactor 1s en independent variable in an experimenfal asys
fem,_ {fox e;ﬁample. a.:L:r|_f-10w_ rate, lamp current or burner
height in A.A.5.). __R:esponse is that funetion of the obser—

ved system impute and outputs nsed to evaluate system per

The simplex is the geometric figure defined by a number
of poinis equal to one more than the number of factors (n)
.t_b ‘be opitimized,

| The objective of the method ls to conduct the simplex
tﬁward the opitimum region and tﬁe__ conserned decisions jwill
be determined by five basic rules (6).. '
Simplex great advanéagé@ lies precisely in the fact that
‘ope only realize n+ 1 ex;eriment's in order to determine

he departuré} points. A move 1s made after each observa-
ion o‘f fhé éesponse. The progreasion into that adjacent
’ﬂsimf:iex- is obtained by disearding the 'point of the current
:ﬁnpiéx, correaponding to the least desirable response and
eplacing it with its m'irro_r image across the hyperrace of

e ramainihg points. This allows all the pessible factqrs
o be included withouti inoreasing :I.n 8 cdﬁsid_erable manney
¢ number of experrimenta..

In order %o make easier the application of the method,
‘Mgures 1 and 2 present the information ﬂow_charts,.for
caleulating the minimun and maximun of n facteras for a given

‘response.
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formance (for example, absorbance as system ouiput in A.A.5.).

¥



-

of the simplex in the n dimensional space. .
The best (subindex b) and the worst (subindex w), res-
ponse (¢)' for the bi vertex are determined in corresponden=

ce with the optimization strategy. Three operations are ﬁti

lized reflection(subindex r)contraot:l.on(anbindex ¢) and ex-
These are calculated accordin.g to.

pansion(su'bindex e).
bra (1 + ®)e - bW (1)

where of is the refleciion coef:ticiant, genera,l_ly o 1,
be = br + {1 - ¥)e (2)

being § = 2 the expansion coerriciént-.

o= Pbws (1-2) (3

with /5 = 0,5 as the contraction coefficient.

The operations are calculated for the centroid (c) of the
gimplex, wiech is defined excluding the pbint of worst respon

ge in correspondsnce with:

o= - 4= M (4)

for all the values of bi ¥ bw

For determining, if the optimum has been reached, we're-

commend to utilize, the criterium that.
. n+1 ‘ ' - - g
\/? (551- ¢)27n;/:E (5)
=
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As bl (i = 1,2, eses 2 + 1) are defined the n + 1 vertex

where: ¢1 ~ values of the response for each one of the

Simplex vertex
5— mesan value of the _¢i values
E - & given number, selected !iiy' the investigator,

_ As practical rule for determining the value E we recommend
‘that when the convergemcy of the response is observed, near
‘Yhe optimum, the experiments should be repeated and the con-
cerned error be calculated. Bven better, the latter can be
determined previously within the experimental rank desired,
iIn the practice the investigator without additional experi-.
_ments should be able to get value of B aceordin'g. to the

‘ possible error of the regponse.

3. \EXPERIMENTAL PART

For determim.ng the optimum operation parameters in
“A.A.S, an gpectrophotometer PIE - UNICAM SP 1900 was used.
“The Co spectral iine 240.7 mm was selected and golutions of
" $his element presment as chloride in 5 and 10 ppm comcentra~
tion were utilized. Values of a.‘bgorbanée were taken as reg
- ponses '

. Pigure 3 enables us to observe simplex application for
 the optimiza.tion of $two variables: air and acetylen flow
. rate. or expansions were employed, and a,
" lector not trained in the method can follow simplex progre-

. @sion tvowards maximun valies of absorbance.

No contractions,
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Observe point b7 and b8. These lie outside the bounda~
ries of the factors. No experimental observation was made
and 4 very undesirable résponse was aggigned.

If the reflected point hag the least deslrable reaponse
in the new simplex, the-reflexion will be made for the ver-
tex with the secdﬁd undesired value. This rule unables sim-
plex contiﬁue ogcillation between iwo pointe. This is, for
example the cage in simplex b4 b5 b6 and b5 b6 b7. In this,
latter, cen be observed that the reflexion is developed for
b5

e rules force the simplex %o circle around point 1)
(raximum dbsorbance value). '

In table I is shown the slit widih and burner;height
optimization, according to the flow chart in Fig. 2. The
firat subindex of b indicates the operation (refleotion,
expension or coniraction) and the second, the numher‘of
time that the operation has been realized.

Finally, in table II is showed the optimization of four

factors with 11 expgriments.

CORCLUSICHNS

Simplex method has been successfully aepplied to A.A.B.
Its development is efficient in term of the number of expe-
riments and easy to learn, evenlfor undergraduate persons.

The flow charte given in this paper allow and efficient
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ﬁlication of the wethod. According 0 our experience it

: puld'be particularly observed: A

to identify the constraints for the factors., The experi-

mental region will be defined als the éegicn lying within
the constraints. To those simplex vertex beyond the expe-
rimental -region a very uﬁdesirable resﬁonse is aésigned.

. to applied equation (5) as criterium for determining if
the optimum has been reached{

~ to reevaluate each vertex, retained in n+1 succesive sim
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Simplex Factors

X, ~ Slit width 0,05 - 0,3 ~ mm.

I - Burper height 0 -~ 40 mm,

149

Exp. Jo. - Pointe x4 X -
1 b, 0,05 2
2 b, 0,10
'3 by 0,08
5 bey 0,10
6 bry, 0,05 4
7 be, . 0,02 5
8 br3 0,10 6
9 bo, 0,06 3



TABLE 1T

Simplex P '.g

¢ t o r
Exp. Yo. Points Xt X2 *3 x4 (vy)
1 b, 80 2 0,06 10 - 0,222
2 by 1200 4 0,08 12 0,288
3 b; . 900 8 0,08 12 0,354
4 by 900 = 4 0,15 12 0,254 _
5 b 900 4 0,08 14 0,267
6 br, 1000 8 0,15 15 . 0,315
7" br, 1100 8 0,05 15 0,398
8 be, 1500 8 0,05 16 0,39
9 . _er- 1200 10 0,10 13 '9,348
10 br, 900 13 0,11 16 © 0,274
1 be, 1100 6 0,09 13 0,314
* . f’_
1 =~ Acetylem Flow rate 500 = 2000 oec/mm.
2 -~ Burner height 2 « ov ouue -
3 - S1it width 0,05 ~ 0,3 unm
4 = Lamp current 10 -

Recibido 12-5=82
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Fig.l- DETERMINATION OF THE MINIMUN OF & .
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Fig2_ DETERMINATION OF THE MAXIMUN OF @
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OPTMIZATION OF AR

" SIMPLEX MOVEMENT FOR THE
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