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Abstract—The response surface methodology (RSM) is a
collection of mathematical and statistical techniques useful in the
modeling and analysis of problems in which the dependent variable
receives the influence of severa independent variables, in order to
determine which are the conditions under which should operate these
variables to optimize a production process. The RSM estimated a
regression model of first order, and sets the search direction using the
method of maximum / minimum slope up / down MMS U/D.
However, this method selects the step size intuitively, which can
affect the efficiency of the RSM. This paper assesses how the step
size affects the efficiency of this methodology. The numerica
examples are carried out through Monte Carlo experiments,
evaluating three response variables: efficiency gain function, the
optimum distance and the number of iterations. The results in the
simulation experiments showed that in response variables efficiency
and gain function at the optimum distance were not affected by the
step size, while the number of iterationsis found that the efficiency if
it is affected by the size of the step and function type of test used.

Keywords—RSM, dependent variable, independent variables,
efficiency, smulation

l. INTRODUCTION

HE RSM is a collection of mathematical and statistical

techniques used to determine the optima levels of the
independent variables of a production process, which involves
estimating a regression model of first order by the method of
least squares, with the coefficients of this model is set search
direction by MM SD, subsequently, the step size on the ascent
route is chosen until there is no further increase in the
response, this method stops [1]-[2].
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Then we fit a new linear regression model, a new path of
upward slope is determined and the procedure continues until
it fits the regression model of first order. Finaly, we start in
the region where it was not possible to adjust the regression
model of first order, a more detailed design is posed, as the
centra composite design (CCD), which is the kind of classic
design to fit models of second order and find the optimal
values of the independent variables analyzed, using methods
of differentia calculus. [3]-[7]

This paper will focus on the early stages of the RSM,
specifically in the MMSD, which is an iterative method that
determines the optimum search direction, with the estimated
regression coefficients of first-order model. Generaly, a
simple procedure to determine the coordinates of a point on
the tragjectory of MMSD, assuming that the point

X =X, =...= X, = 0is the base or point of origin. Then, we
choose the step size in one of the independent variables of the
process called Ax; . Usualy, you would select the independent

variable which has more information or would select the
variable that has the largest absolute regression coefficient

|BI| The step size of the other variablesis shown as (1):
DX = B, (B 1DX), j=1,2,...k, i # ] 1)

Subsequently, the Axj are converted from encoded

variablesinto natural variables. [2],[7]-[8]. The contribution of
this research is to determine if the efficiency of the RSM
depends on the size of the step, where step sizes to be

evaluated are: Ax, =0.01,0.02,0.03. The efficiency of the

RSM is defined by three variables of response, efficiency in
the gain function, represents the percentage of improvement is
achieved in the process yield from the starting conditions until
the actual optimum conditions, the optimum distance
represents the optimum distance between the optimal
conditions generated by the RSM and the optimal actual
conditions of a process, [9] and the number of iterations
obtained by the MMSD within the RSM [10]; the functions
that are used to build the simulation model (test function) are
the functions of two variables used for numerical comparison
of experimental techniques [11]. These functions are designed
to hinder the determination of their minimum values with the
implementation of experimental techniques. Furthermore, the
use of these functions allows us to estimate the useful ness of
experimental techniques in the optimization of production
processes [12]. Therefore, the test functions that are used in
this work represent the functiona relationship between the
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controllable factorsx, X,,...,.X, and the performance of y

process. The following is an algebraic descriptdrthe test
functions that are used in this simulation to chmi the

response variabley; . The Rosenbrock’s parabolic valley

function (RPVF), The Rosenbrock’s cubic functionCER,
and The Beale Function (BF) are given by (2), (83 &4)
respectively:

F (4, %) 21006 = x7) +(1-%,)° @
F(4,%,) =100(, =;)° +(1-x,)? ©)
05,00 051 +225- %@ +

[2.625- x, (1~ x3)]°

This paper is organized as follows. Section 2 surires
the materials and method used for the developmérithi®
research. Section 3 presents the results to deterifithe
efficiency of the RSM depends on the step size tgpd of
test function used. Section 4 presents the comeigsand
future research.

. METHODOLOGICAL FORMULATION
A. Materials

The materials used for the development and vabdatif
this research project are: a Laptop Computer |Gate i5,
processor, 2.4 GHz and 4.00 GB of RAM. The softwfare
statistical analysis of data is: MINITARS, STATISTICA,
MATLAB ® and Microsoft Office Excel 2007.

B. Methods

Next, it is described the method used to obtainréogired
information in assessing the effect of the stepe diz the
efficiency of the RSM [2]. How was carried out tergrate
the samples, the experimental errarthe % factorial designs,
construction designs of response surfaces, estigatine
coefficients of the first order model set, the shafior a new
design region of the first order and obtaining gtationary
point.

First, are determined randomly thirty-three paifsfacal
points for the independent variablgsx,,...,X,, so thatx,

continue independent uniform distributions in thage from
0 to 5 units, which will be used as representatfeurrent
operating conditions of a process. These pairocdlfpoints
generated with the software MINITAB15.

Second, in each of these points is carried outraafuthe
methodology comprising: a) Each pair of poiffig, x,) is
used as the central design point repeated fivestiri@ese
central values are encoded in (0.0). b) Building design 2
whose levels are equidistant in a valvenatural units from
the central point encoded asi, + 1).

Third, once the design surface of the first ordgrosed, are
calculated the values of the response varigple f (x,) +&.

Where: f(x,) represents the test function of the response

variable, and the; represents the experimental error of each
run i of the design % wherei=12,...,9; the error is
generated at random with a normal distribut{gn= 0, g = )

[13], using the random number generator softwarkIMAB ©
15.
Fourth, the response variables calculated with tibet

function f(x,) , serve to estimate the coefficients
corresponding to the adjusted first-order modehlhie form:

-~ k ~
9i =5+ legj X; %)
]:

The surface design outlined above, is estimatethéyeast
squares method, therefore, to estimate the moadfidents,
(6) and (7), are usually used:

L2
A B LR ©
.9

ﬁo:_glyi/g @)

Where: x,; represents the encoded value of the vari&bla

the columni the surface design of the First Ordq?i.

represents the value of the response

Fifth, it is verified the suitability of first-ordemodel set, it
is important to know if the order of the fitted nebdls correct.
The lack of fit test establishes the following hipesis: H:
The model adequately fit the data,: Hhe model does not fit
the data. The lack of fit test can be introducedthim analysis
of variance (ANOVA) addressed the significance bE t
regression. For this study the significance levelswb%
(a=0.05). If the null hypothesis of the adequacy of the
model is rejected, the model does not adequatphesent the
behavior of the system and one that is appropratst be
found.

Sixth, once the adjusted first-order model is r@ected,
begins with the MMSD, to accept the model occurgmvthe
regression is significant and the interaction amel quadratic
term are not significant according to ANOVA done the
fifth step. The vector formed by the regressionffidents

yea :(,@l,...,,@k)'of the fitted model, determines the direction
of maximum decrease in the response variable, wesghthe
step size(Ax, =0.01,0.02,0.03)n any of the variables of the

process. The MMSD is stopped when; in the pathetliera
change in the response variable, that point isctrger of a
new surface design of the first order. The new eslobtained

in this new couplgx,, x,) apply again from the second step.
Obtain measurements of the response variable \uightest
function f(x,) to set a new first-order model, repeating this

process until the model does not fit, the regressias not
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significant or the interaction or the quadratic mierare sizes as a factor of fixed effects. This factoredwmines the

meaningful. value of the response variable of the process lametfect on
Seventh at the time that the first-order model shawack the resulting number of steps to arrive to theistary point.

of adjustment, the MMSD ends and we proceed to ntlaze In each replica (block) are tested the three stegssandomly

design of surfaces of second order. The Central gosite ©One at a time, leaving the observations of eachceefl] as

Design (CCD), this is the most popular class ofigtesused Shown in Table I:

to fit these models. Overall, the CCD has‘daztorial design TABLE |

(Okr a fractlonal factorial design of resolution Wjth nf. runs, FORMAT USEDIN THE ANALYSIS OF VARIANCE FOR MMSD EFFICIENCY IN

2° axial or star runs and runs central MVhere nis the THE RSM

number of points in the*2design and nis the number of

repetitions of the central or initial focus of thesign &. That Delta NormaA' Distribution
is, to the pointgx;, x,) of the surface design of the first order 0.01 Y0.03j
model point the last region of interest found ie IMSD of 0.02 90 02
the sixth step that did not adjust, add four ap@ihts which =

0.03 Yo.03i

encoded a$i\/§, 0) and (0,1\/5), once posed the CCD, are
obtained the values of the response variable of tdst Where:

function f(x,) at each point of the design, to which result weyij: represents the response variable when the stefissize

add the experimental errgf wherei =1,2,...,13 (i = 0.01,0.02, 0.03)corresponding to the replicp.

Eighth, once the CCD is posed, are obtained theessipn It is desired that the experimental error be asllsam
coefficients of the model of second order, with thethod of possible by subtracting from the experimental ertbe
least squares regression using the software moduweriability caused by the blocks. The design tocbesidered
STATISTICA. To find the stationary point of the sexl order for the analysis of variance is the randomized giesby

model adjusted, [7] we use (8): complete blocks. The statistical model for thisigless (11):
~ K A K ~ K A V. = ; ] "
)A’i:/go"'ZﬂiXi"'Zﬂ.ixiz*‘z L Bjxx;+e ® i HrT B g, (1)
i=1 i=1 i<j=2
Where:
Where:i=1,2,andj=1,2. y; - Represents the corresponding observation toethkca ]

The general mathematical solution to locate thenmgt i step sizes .
point for a second order model with two independemiables 1 Represents the overall mean of the data.

arises in matrix form as shown in (9): .
7,: Represents the effect of théh step sizei =1, 2,3

P p . . Represents the effect of theth replica (block).
A n [xll( ){ B ,Blzlexll © A P pth  replica  (block)
12

ﬁzllz ,322 (J =1, 2,,33)

X
2
&;: Represents the random error.

X

Find the stationary point by solving (10): The effects of treatment and block are considersd a
deviations from the overall average, so you wante&i the
S - -1 equality of the means of treatment. The null hypsethiis:
— ﬂll 1812 12 * ﬂl
Xo =—1/ - < (10)
Borl2 B b Ho: 1,=1,=73=0

H,: 7, #0 atleast for an i
Ninth, after obtaining the optimum operating coiwis

(xI, x;) by analyzing the stationary point using the RSMhgsi Ill.  RESULTS

MATLAB ® simulation, are carried out the calculations fert  The results obtained during the development of this
thirty-three pairs of central point, considering tthree step research are presented in four stages. The fivgthias the
sizegA = 0.01,0.02,0.03) and the three test functions used iranalysis performed in approach on the design ofitseorder
this study. response surface. The second stage is the searcptfmal
Tenth, once obtained the values of the runs carigt the €9ion by the MMSD. Part three covers the approaicthe
experiments performed to obtain the stationary ppading the second model of the first order response surfaased on that
RSM through simulation, for the thirty-three replic or optimal result obtained by the MMSD. Finally, theufth

central points (blocks) are performed considerihg step St@ge shows the analysis of models of second sesponse
surface, as well as stationary points and respauséace
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graphs for each test function. Example is showm ofin on
simulation, which was conducted with the test fiorctRCF,

which has its minimum value at the (1,1fx,) min = 0. We

set a 8 factorial design with 5 central repetitions as design
response surface of first-order, where the

design points separated by a distantef2+ 0.03 units. The
values of the response variable are obtained blpatiag the
test function in the natural variables and addimg tesult to

the experimental error randomly generated by so#wa
MINITAB ®15. By the method of least squares, we obtain the,

following values(,f?1 = 22023,@2 =-9182)', is the vector of
the regression coefficients of the first order nmiczi, where
the analysis of variance showed that the data éit with a
significance level of 5% = 0.05). The direction provided by
this vector is in Fig. 1 using the step size of30n@tural units
onx,, since this variable has the lowest coefficiendi¢ating

the search line to where should be moved the lesklhe
factors to select the new center point of the design surface
of the first order.

To make the process of decline, we choose thesitepof
0.03, (1 code), then there are the points obtaingtie path
indicated by the vector, which are equidistant & from the
axis and a distance of (22,023 / - 9182) relativthe axis, get
the values of the response variable to evaluatéesiidunction
on the points of minimum slope, obtaining the minimvalue
of the response variable at (1.6329, 4.6128). Tumt is
considered the centerpiece of a new surface dedigre first
order and that point is taken as the current opeyatatus of
the process, from which is repeated from step 2a@gd in
the previous section of methods. According to MM&Earch
in the new region found with the couple of the eentoint
(1.6329, 4.6128), a new search direction with teetor of
regression coefficients (-10.4, -2.9). The new gleshows a
first order analysis of variance that the secongression
model obtained does not fit the data with a sigaifice level

of 5% (a =0.05). Once it is observed that the first order

model does not fit in some new region given, thet sé&ep of
the methodology is to fit a model of second ordethie region
indicated by the MMSD. Applying the least squaresthnd,
we obtain the regression coefficients of the seconder
model, as shown in Fig. 2 of the surface of respmistained
for this point:

(B, =9527.2487,3, = 25.7884, 3, =10882.9986,

B, =1.6244, 8,, = -3559.0475)'

using Matlab® was reached the optimal points of ribgural
variables in the region of the second order desiggylting in

the following values: (x; =1.6259x, =4.6190). It is

calculated the efficiency of the gain function betvalue of
the first pair of randomly generated central

optimum point (x: :1.6259x: =4.6190) with the result

poirthe
(%, =3.7915x, =3.7128)is the focal point of design and the (x: =1.6259,x:

points
(% =3.7915x, = 3.7128)regarding the result obtained of the

that the efficiency gain function for this pair oénter points
and optimal points obtained would be of 99.9959%ctvhis
the percentage of improvement which is achievedthia

process yield. With regard to the optimum distaﬁbé)for
first couple of optimal points

distance replacing the initial values of the pdicenter points
and the results of the pair of optimal points, tbbgining the
optimal distance generated RSM to the true optintest

function resulting in 3.6727 units. Finally, we alit the

mber of iterations performed in the first phadette

methodology within the MMSD, resulting for the firsouple

of central points 30 iterations to the optimum dfet
independent variables.

The process described in this example was perfotméue
replica two, with delta 0.03 for the test functi®CF. Was
subsequently carried out the method describedearptbvious
section for the 33 pairs of randomly generatedreémoints
and with the three step sizes (0.01, 0.02, and)(a@8 the
three test functions.

For example, Table Il shows the average valueshef
response variables for The Rosenbrock’s parabditeyw
function (RPVF) test function, where the responseiable
efficiency in the gain function the highest perem® of
improvement that gets this function is 99.91% wvatlsize of
step of 0.02, whereas the lowest value is 99.24% wistep
size of 0.03. It is also shown that the maximuntatise of
separation between the optimal generated by thaadetogy
and the true optimum function test is 2.26, whi@ohgs to
the step size of 0.01 and the minimum distance56 tith a
step size 0.02. Finally, for the variable numbeiitefations,
the smallest amount was obtained with the stepafife03 to
27.5 and the highest was with the step size of.0l62 same
interpretation held for the test functioR€F and BF, which
are shown in Table Il and IV respectively.

TABLE II
AVERAGE V ALUES OF THE RESPONSEV ARIABLES FOR RPVF
Step sizes
Dependent Variable 0.01 0.02 0.03
Efficiency (%) 99.29 99.91 99.24
Distance to optimum 2.26 1.56 1.69
Number of iterations 49.18 49.42 27.5
TABLE Il
AVERAGE VALUES OF THE RESPONSEV ARIABLES FOR RCF
Step sizes
Dependent Variable 0.01 0.02 0.03
Efficiency (%) 99.01 99.09 99.70
Distance to optimum  1.95 2.27 231
Number of iterations 43 6.05 11.07
TABLE IV
AVERAGE VALUES OF THE RESPONSEV ARIABLES FOR BF
Step sizes
Dependent Variable 0.01 0.02 0.03
Efficiency (%) 75.89 80.86 84.69
Distance to optimum 2.98 297 2.95
Number of iterations 66.33 29.06 18.96

obtained

=4.6190)is calculated using the Euclidean

—
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Fig. 2 Response surface of the second order model.

V. CONCLUSION

In this article has been posed the problem of agspshe
effect of the step size in the efficiency of the MRSThis
methodology was evaluated at different steps cdlinn

section 2 of this article, with the initial testrmbtions, such as:

the 3 step sizes, the 33 pairs of focal pointsthed3 types of
test function. Based on this, the results obtaindtle analysis
of variance of the randomized complete block desfgn each
of the variables evaluated, it is concluded thag: efficiency

of the RSM is not affected by the step size, wiigaificance
level of 5% (a = 0.05) since the improvement achieved in the
response variable efficiency in the gain functiemowed
approximately equal values, therefore, we conclirdg the
methodology is robust to the step size used irMMSD for
the test functions used for this response varidiie.response
variable to the optimum distance indicates thatdffieiency

of the RSM is neither affected by the step sizethwa
significance level of 5%a = 0.05). Finally, in the response
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variable number of iterations indicates that the efficiency of
the RSM is affected by the step size and the type of test
function used, with asignificance level of 5% (a = 0.05)since
in each function test values were obtained that on average
differed from the type of test function and the step size, as
shown in Tables 1, 2 and 3 of Section 3. Therefore, these
results assert that comparing the performance of the RSM with
three step sizes and the 3 test functions, the methodology is a
useful tool in the continuous improvement of processes.

In future research, a) is recommended that to the regression
coefficients of first-order models were not significant within
the RSM, a transformation is applied to that model and
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evaluate if must be continued the next phase of the RSM. b)
Compare the performance of the study system before various
improvement techniques such as design and anaysis of
classical experiments, methods of operationa evolution,
Taguchi method, simplex method of Nelder and Mead, genetic
algorithms, among others, and to determine which of these is
more efficient in the response variables outlined in this article.
c) Experiment with different step sizes and test function from
those used in this investigation to see if there is an
improvement or effect within the RSM with the independent
variables analyzed. d) Determine the optimum step size in the
RSM for the optimization of resources in production systems.
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