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i 

 

vkeq[k 

 

ijh{k.k vfHkdYiuk dh ySfVu gkbijD;wc vfHkdYiukvksa dk p;u rc yksdfiz; gS tcfd HkkSfrd izfØ;k 

ds v/;;u gsrq lax.kd vuqdj.k dk mi;ksx ySfVu gkbijD;wc ds vfHkdYiuk fcUnqvksa dh rjg gksrk gS 

tks vfHkdYiuk {ks= esa leku nwjh ij gkrs gSa tc mUgsa loZpj lhek ij iz{ksfir fd;k tkrk gSA lax.kd 

ijh{k.kksa esa] pjksa ds Lrjksa dk ifjorZu dk vFkZ dsoy buiqV ds fy, fofHkUu la[;kvksa dks lek;ksftr 

djuk gS tcfd HkkSfrd ijh{k.kksa esa] pjksa ds vf.kd Lrj ysu ds fy, izk:I cukus ds fy, vfrfjDr 

dher dh vko’;drk o ijh{k.k dk fØ;kUo;u vf/kd yEcj o le; yxkus okyk gks tkrk gSSA vr% 

lax.kd ijh{k.kksa ,oa ijaijkxr HkkSfrd ijh{k.kksa esa varj gksu ds dkj.k vfHkdYiuk esa fofHkUu 

lksp&fopkj ,oa lax.kd ijh{k.kksa gsrq fo’ys"k.k i)fr;ksa dh vko’;dek gS A bl izdkj dh ijh{k.k 

ifjfLFkfr;ksa ds lapkyu ds fy, ykkfEcd ySfVu gkbijD;wc vfHkdyiuk vkjaHk dh xbZA ykfEcd ySfVu 

gkbijD;wc vfHkdYiuk vkjaHk dh xbZA ykfEcd O;wg ¼vks ,½ vfHkdYiukvksa dk O;kid mi;ksx ijh{k.k 

fu;kstu gsrq fd;k tkrk gS vkSj budh lQyrk le:irk xq.kksa ds dkj.k gS ysfdu tc fdlh ijh{k.k 

esa cgqr cM+h la[;k esa dkjdksa dk v?;;u djuk gks vkSj muesa ls cgqr de oLrqr% izHkkoh gks] izHkkoh 

djdksa }kjk iw.kZ foLrkfjr miLFkku ij iz{ksfir vks , vfHkdYiuk,a ijh.kke esa dsry izHkkoh fgLlksa ij 

fcUnqvksa dh uqjko`fRr nsxh tks fd HkkSfrd ijh{k.kksa ftuesa izLrkfor ekWMy dk >qdko izlj.k ls vf/kd 

xaHkhj gS vuisf{kr gSA bl izdj.k esa yS-gk- vfHk- dks- ojh;rk nh tk ldrh gSA ysfdu le f}pj lhek 

ij bl izdkj ds vfHkdYiuk fcUnqvksa ds iz{ksi.k dh leku :Ik ls fc[kjs gksus dh xkjaVh ugha nh tk 

ldrh gSa vr% bl izdkj dh ifjfLFkfr;ksa ds laPkkyu ds fy, ykfEcd O;wg vk/kkfjr ySfVu gkbijD;wc 

izLrkfor dh xbZ ftlesa lkekU;r% ;kn`fPNd ySfVu gkbijD;wc vfHkdYiukvksa dh vis{kk LFkku Hkjus ds 

csgrj xq.k gSaA  dqN ijh{k.kksa esa] lR;fu”Bk dh fofHkUu dksfV ij cM+s vkSj egaxs lax.kd dksM vkSj 

cgqLrj dher vkSj ifj’kq+)rk okys lax.kd ijh{k.k lapkfyr fd, tk ldrs gSaA bl izdkj ds ijh{k.kksa 

dh vfHkdYiukvksa gsrq uhfM+r vfHkdYiuk,a mi;ksxh gSaA bl fof/k esa ,y ,p Mh ds mi;ksx dh eq[; 

drh ;g gS fd blesa mPp& ifj’kq)rk o fuEu&ifj’kq)rk okys ijh{k.kksa dh dqN vuqfØ;kvksa ds vkjksi.k 

dh vko’;drk gksrh gS tc nks lzksr iafDrc) gksaA bl dfBukbZ dks de djus ds fy, uhfM+r ykfEcd 

,y ,p Mh dsk ifjHkkf"kr fd;k x;k gSA 

ykfEcd ySfVu gkbijD;wc vfHkdYiukvksa dh lajpuik dh ,d lkekU; i)fr dk o.kZu fd;k x;k gSA 

lajpuk i)fr dk ljksdkj izFke Øe ,oa f}tj; Øe ykfEcd ySfVu gkbijD;wc esa lq/kkj dj ds 

ykfEcd ,oa yxHkx ykfEcd LFkku Hkjus ookyh ySfVu gkbijD;wc vfHkdYiukvksa dh lajpuk dh xbZ gSA 

uhfMr ykfEcd ySfVu gkbijD;ec ¼,uvks,y,p½ vfHkdYiukvsa dh ,d lajpuk i)fr dk o.kZu fd;k 

x;k gSA uhfMr ykfEc gkbijD;wc vfHkdYiukvksa dh lajpuk djus okyh nks lkekU; i)fr;ka fodflr 

dh xbZ gSA izFke i)fr dk ljksdkj ,u vks ,y ,p dh 2 ijrksa ls gS vkSj f}rh; i)fr dk ljksdkj 

,u vks ,y ,p dh rhu vFkok vf/kd ijrksa ls gSA bu i)fr;ksa ls orZeku uhfM+r ykfEcd ySfVu 

gkbijDw;c vfHkdYiukvksa dh vis{kk de juksa dh la[;k }kjk cgqr lh ubZ uhfM+r ykfEcd ySfVu 

gkbijD;wc vfHkdYiuk,a feyrh gSaA 

ys[kd] Hkk-d`-vuq-i-&Hkk-d`-lk-vuq-la- fun”kd dks vuqla/kku dk;Z dks lQyrkiwoZd djus gsrq ,oa  le; 

le; ij lHkh vko’;d lqfo/kk,a iznku djus ds fy, gkfnZd /kU;okn vfHkO;Dr djrs gSaaA Hkk-d`-vuq-i-

&Hkk-d`-lk-vuq-la dh ijh{k.k vfHkdYiuk izHkkx dh izHkkxk/;{kk ,oa izHkkx ds vU; oSKkfudksa ls izkIr 

lg;ksx ds fy, /kU;okn lfgr vkHkkj O;Dr djrs gSaA ijh{k.k vfHkdYiuk izHkkx ds Hkh nsosUnz dqekj ,oa 

Jhefr lqfurk }kjk izkIr enn ds fy, vkHkkjh gwaA 

 

lqdkar nk”k          jktsUnz izlkn          ch-,u- e.My          lq”khy dqekj ljdkj 
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PREFACE 

 

Latin hypercube designs is a popular choice of experimental design when computer simulation is 

used for studying a physical process as the design points of a Latin hypercube are equally spaced 

in the design region when projected onto univariate margins. In computer experiments, changing 

the levels of variables is only a matter of setting different numbers for the input, whereas in 

physical experiments, taking more levels of variables often requires an additional cost of making 

prototypes and a more elaborate and time-consuming implementation of the experiment. 

Therefore, the differences between computer experiments and traditional physical experiments 

call for different considerations in design and analysis methods for computer experiments. To 

handle such type of experimental situations Orthogonal Latin Hypercube design was introduced. 

Orthogonal Array (OA) designs are used extensively for planning experiments and their success 

is due to the uniformity properties but when a large number of factors are to be studied in an 

experiment and only a few of them are virtually effective, OA designs projected onto the 

subspace spanned by the effective factors can result in repetition of points on effective part only 

which is undesirable for physical experiments in which the bias of the proposed model is more 

serious than the variance. In this case LHD may be preferred. But the projection of such design 

points onto even bivariate margins cannot be guaranteed to be uniformly scattered. Thus to 

handle this situation Orthogonal arrays based Latin hypercube has been proposed which generally 

have better space filling properties than random Latin hypercube designs. In some experiments 

large and expensive computer code can be executed at various degrees of fidelity, and result in 

computer experiments with multiple levels of cost and accuracy. Efficient data collection from 

these experiments is critical. Nested designs are useful for designing such experiments. The main 

drawback of this approach to use LHD is that it requires imputation of some responses of the 

high-accuracy and low-accuracy experiments when the two sources are aligned together. To 

mitigate this difficulty, Nested orthogonal LHD has been defined. 

 

A general method of construction of Orthogonal Latin Hypercube Designs has been describe. The 

methods of construction deal with both first order and second order orthogonal Latin hypercube 

designs. Orthogonal and nearly orthogonal space filling Latin Hypercube Designs has been 

constructed by modifying the OLH designs. A construction methods of Nested Orthogonal Latin 

Hypercube (NOLH) Designs has been described. Two general methods of constructing nested 

orthogonal Latin hypercube designs have been developed. First method deals with 2 layers of 

NOLH and the second methods deals with three or more layers of NOLH. The methods give 

many new nested orthogonal Latin hypercube designs with fewer number of runs as compared to 

existing nested orthogonal Latin hypercube designs.  

 

The authors express their sincere thanks to the Director, ICAR-IASRI for providing all necessary 

facilities to carry out the research work successfully. The cooperation received from Head of 

Division and other scientists from the Division of Design of Experiments, ICAR-IASRI, New 

Delhi is duely acknowledged. The help rendered by Mr. Devender Kumar and Mrs. Sunita, 

Division of Design of Experiments is also duly acknowledged. 
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INTRODUCTION AND REVIEW OF LITERATURE 

 

1.1 Introduction 

In scientific and engineering research, physical experimentation is often very expensive and time 

consuming. Because many physical systems can be described by mathematical equations, 

scientists are able to find numerical solutions of those equations to simulate the systems. Such 

applications have increased rapidly in the past decade. In contrast to a physical experiment, this 

kind of experiment is called a computer experiment, and the corresponding computer program a 

computer model. Given an input vector x, the response f(x) of a computer model is often 

deterministic, so that considerations such as blocking and randomization for physical 

experiments are irrelevant. Also, in computer experiments, changing the levels of variables is 

only a matter of setting different numbers for the input, whereas in physical experiments, taking 

more levels of variables often requires an additional cost of making prototypes and a more 

elaborate and time-consuming implementation of the experiment. Therefore the differences 

between computer experiments and traditional physical experiments call for different 

considerations in design and analysis methods for computer experiments. 

 

Latin hypercube designs introduced by McKay et al. (1979) have proved to be a popular choice 

of experimental design when computer simulation is used for studying a physical process as the 

design points of a Latin hypercube are equally spaced in the design region when projected onto 

univariate margins. A Latin hypercube design, LH(n, m), is an n × m matrix whose columns are 

permutations of the column vector (1, 2, ..., n). Each Latin hypercube has the property of 

achieving uniformity in each of the m univariate margins. In scientific and engineering research, 

physical experimentationis often very expensive and time consuming. Becausemany physical 

systems can be described by mathematicalequations, scientists are able to find numerical 

solutionsof those equations to simulate the systems. For example, injection molding are very 

much useful in cooling system (Tang, 1993) which are used in food processing. In an injection 

molding process, hot liquid material is injected into a mold and then forms to the desired space. 

To cool down the hot molding material, cooling systems are often used in injection molding 

processes. A good cooling system should reduce the material temperature quickly and uniformly. 

Because it is very difficult to measure the material temperature and to build prototypes of cooling 

systems, physical experiments would be very costly. Suchapplications have increased rapidly in 

CHAPTER I 
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the past decade. Incontrast to a physical experiment, this kind of experiment is called a computer 

experiment. In computer experiments, changing the levels of variables is only a matter of setting 

different numbers for the input, whereas in physical experiments, taking more levels of variables 

often requires an additional cost of making prototypes and a more elaborate and time-consuming 

implementation of the experiment. Therefore, the differences between computer experiments and 

traditional physical experiments call for different considerations in design and analysis methods 

for computer experiments. Orthogonal Array (OA) designs are used extensively for planning 

experiments and their success is due to the uniformity properties but when a large number of 

factors are to be studied in an experiment and only a few of them are virtually effective, OA 

designs projected onto the subspace spanned by the effective factors can result in repetition of 

points on effective part only which is undesirable for physical experiments in which the bias of 

the proposed model is more serious than the variance. In this case LHD may be preferred. But the 

projection of such design points onto even bivariate margins cannot be guaranteed to be 

uniformly scattered. Thus to handle this situation Tang(1993) proposed Orthogonal arrays based 

Latin hypercube which generally have better space filling properties than random Latin 

hypercube designs. In some experiments large and expensive computer code can be executed at 

various degrees of fidelity, and result in computer experiments with multiple levels of cost and 

accuracy. Efficient data collection from these experiments is critical. Nested designs, proposed 

by Qian and Wu (2008), are useful for designing such experiments. For drawing two independent 

and identically distributed samples, one with m runs chosen as D1 and another with n runs chosen 

as D2 , m < n. one can produce a Latin hypercube design of m runs and another Latin hypercube 

design with n runs as D1 and D2 , respectively. The main drawback of this approach to use LHD 

is that it requires imputation of some responses of the high-accuracy and low-accuracy 

experiments when the two sources are aligned together. To mitigate this difficulty, Qian (2009) 

introduced nested Latin hypercube designs. A nested Latin hypercube design with two layers is 

defined to be a special Latin hypercube design that contains a smaller Latin hypercube design as 

a subset, where the whole set is the first layer and the embedded smaller Latin hypercube design 

is the second layer. When such a design is used, the first layer is chosen as Dl and the second 

layer as D2. Recently, Sun et al. (2013) presented a general approach to constructing nested 

spacefilling designs using nested difference matrices. Li and Qian (2013) suggested a method of 

construction of nested (nearly) orthogonal designs intended for multi-fidelity computer 

experiments. Such designs are two (nearly) orthogonal designs with one nested within the other. 

These nested space-filling designs (Sun et al., 2013) can achieve uniformity in low dimensions, 
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but they lack orthogonality. Thus to overcome this situations Yang et al. (2014) proposed nested 

Orthogonal Latin hypercube design. 

 

1.2 Review of Orthogonal LatinHypercube Designs 

Latin hypercube designs were introduced by McKay et al. (1979) and proved to be a popular 

choice for experiments run on computer simulators and in global sensitivity analysis. They 

introduced theory behind the use of Latin hypercube design in computer experiments for 

estimation of expected output from a deterministic mathematical model by applying a particular 

distribution of inputs. Since their contribution seems to be very interesting then whole efforts are 

converted to find an easy construction method of a good Latin hypercube design. 

 

Tang (1993) proposed orthogonal arrays based Latin hypercube which generally have better 

space filling properties than random Latin hypercube designs. He used orthogonal array (OA) for 

construction of Latin hypercube design and proved that when used for integration, a sampling 

scheme with OA-based Latin hypercube designs are more efficient than Latin hypercube 

sampling.   

 

Tang (1994) obtained a method of construction of maximin Latin Hyper cube designs. The 

maximin Latin hypercube designs lead to maximization of minimum distances among the pairs 

of design points. 

 

Ye (1998) proposed a class of orthogonal Latin hypercubes that preserves orthogonality among 

columns. He gave the method of construction of orthogonal Latin hypercube design for kn 2  or 

12 k  and m = 2k-2 for any integer k>1. This method provides the estimation of all linear model  

parameter independently and provide nonparametric fitting procedure. 

 

Steinberg and Lin (2006) provided a method of construction of orthogonal Latin hypercube 

designs for particular 
22

k

run sizes for any integer k. This method was obtained by rotating 

groups of factors in a two level 
22

k

run regular fractional design. 

 

Cioppa and Lucas (2007) presented an algorithm for constructing orthogonal Latin hypercubes, 

given a fixed sample size,in more dimensions. They also gave a method of construction that 

improves the space-filling properties of the resultant Latin hypercubes at the expense of inducing 
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small correlations between the columns in the design matrix. They gave OLH design for 

12  kn ; 









2
1

k
km  and 12 1  kn ; 










2
1

k
km , k ≤ 11. 

Bingham et al. (2009) introduced a method for construction of orthogonal Latin hypercube 

designs by using two level fractional factorial designs. This method possess some more 

flexibility with respect to run and factor combination compare to method given by Ye (1998) and 

Steinberg and Lin(2006). 

 

Pang et al. (2009) developed a method of constructionof  orthogonal Latin Hypercubes of  

2k

P runs and up to ( 2k

P  − 1)/(p − 1)factors by rotating groups of factors in a p-level  2k

P runs 

regular fractional designs, where p is a prime. 

 

Lin et al.(2009) introduced a method of obtaining  orthogonal or nearly orthogonal Latin 

hypercube by coupling an orthogonal array of index unity with a small orthogonal or nearly 

orthogonal Latin hypercube. They presented collection of some orthogonal or nearly orthogonal 

design for large factor run ratio and offer much more economical than existing methods. 

 

Sun et al. (2009) introduced second-order orthogonal Latin hypercube for 12  kn ; km 2  and 

12 1  kn ; km 2 ;  for any integer k ≥ 1. Resulted designs from this method generate uniform 

samples for the marginal distribution of each input variable. 

 

Linet al. (2010) devloped a method for construction of orthogonal Latin hypercube design and 

nearly orthogonal design which is more flexible compare to existing methods with respect to 

factor run combination. They proved that no orthogonal Latin hypercube design exists for 4r + 2 

runs, where r any integer.  

 

Sun et al. (2010) obtained a method of construction of orthogonal Latin hypercube designs 

for 12  krn ; km 2  and 12 1  krn ; km 2 for all r integer and k<11.They improved the 

method of construction given by Sun et al. (2009). 

 

Dey and Sarkar (2014) extended the result of Lin et al. (2009) on the construction of a large 

orthogonal Latin hypercube design by combining smaller orthogonal Latin hypercube design with 
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an orthogonal array of strength two and reported several new 1st order OLH(n, m) design. Also 

reported some new 2nd order OLH (n, m) design by computer algorithm. 

 

Parui (2015) developed method of construction of orthogonal Latin hypercube designs for 2 and 

3 factors and any number of runs. He also developed method of construction of Latin Hypercube 

designs with good space filling property. 

 

1.3 Review of Spacefilling Latin Hypercube Designs 

Several researchers have contributed towards finding methods of construction of Latin hypercube 

design which gives good space-filling. Tang (1993) used orthogonal array (OA) for construction 

of Latin hypercube design and proved that when used for integration, a sampling scheme with 

OA-based Latin hypercube designs are more efficient than Latin hypercube sampling.   

Tang (1994) obtained a method of construction of maximin Latin Hyper cube designs. The 

maximin Latin hypercube designs lead to maximization of minimum distances among the pairs 

of design points. 

 

Morris and Mitchell (1995) developed an algorithm to find optimal Latin hypercube designs. 

Since, generally computer experiments involves large numbers of controlled variables then  

maximin Latin hypercube designs with moderate size are most preferable in the field of cuboidal 

design region where each and every input is represented by two level. On the basis of this, they 

mainly concentrated to find maximin Latin hypercube designs i.e. maximization of minimum 

distance between design points by using simulated annealing algorithm which will have good 

entropy criteria as well as good projective properties. 

 

Ye et al. (2000) proposed an algorithm to find symmetric Latin hypercube designs by using 

exchange algorithm. They concentrated mainly on entropy criteria and the minimum intrinsic 

distance criteria as optimality criterion.  

Jin et al. (2005) developed an algorithm to find optimal Latin hypercube designs based on 

optimality criterions (for example maximin distance criterion, entropy criterions and central L2 

discrepancy criterions) which reduces computational time. The proposed algorithm was based on 

global optimal search algorithm named Enhanced Stochastic Evolutionary (ESE) and was 

flexible for certain number of factor and runs combination. 
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Liefvendahl and Stocki (2005) compared the efficiency between columnwise-pairwise (CP) 

algorithm and genetic algorithm for the purpose of statistical investigations. They came to 

conclude that columnwise-pairwise algorithm is preferred for small Latin hypercube over genetic 

algorithm where genetic algorithm is preferred over columnwise-pairwise in case of large Latin 

hypercube designs. 

 

Dam et al. (2007) finding maximin Latin hypercube design emphasizing mainly on two 

dimensions viz. two factors. They described two dimensional Latin hypercube design as non- 

attacking position of rooks on an n×n chessboards in such a way that minimal distance between 

the pair rooks maximized. They obtained a method of construction of Latin hypercube design for 

run size ≤70. 

 

Viana et al. (2010) developed an algorithm to find optimal Latin hypercube design mainly 

emphasizing on minimization of Φp criterion i.e. a criterion based on minimization of maximum 

distance between design points. Their algorithm based on Transitional Propagation resulting 

minimal computational efforts and produces results virtually in real time. They compared their 

proposed algorithms with existing algorithms such as random search, genetic algorithm, 

enhanced stochastic evolutionary algorithm and concluded that the Φp criteria value tends to 

decrease as the dimension of Latin hypercube design increases from their algorithm. Further, for 

finding near optimal Latin hypercube designs up to medium dimension, their proposed 

Transitional Propagation algorithm possesses computational advantages.  

 

Zhu et al. (2011) obtained an algorithm for finding maximin Latin hypercube design using 

successive local enumeration. They compared with existing algorithm namely lhsdesign function 

of MATLAB, binary coded genetic algorithm, permutation coded genetic algorithm and 

translation propagation algorithm and concluded that the algorithm proposed by them using 

successive local enumeration have good space-filling property as well as good projective 

property as compared to other algorithms.  

Pan et al. (2014) developed translational propagation and successive local enumeration algorithm 

(TPSLE) to find optimal or near optimal Latin hypercube design by combing  existing two 

algorithms viz. (i), translational propagation algorithm (Viana et al., 2010) and (ii) successive 

local enumeration algorithm (Zhu et al., 2011). They compared this algorithm with existing two 

algorithms and showed that TPSLE is efficient with respect to computational time, space-filling 

and projective property. 
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Latin hypercube designs with good space-filling properties can also be obtained using JMP 

version 10.  JMP gives criteria values for a generated Latin hypercube design.  

 

A review of literature on the construction procedure for finding a good space-filling Latin 

hypercube design is mainly based on computer aided search or algorithm. Generally algorithm 

based construction procedure fails to give unique result after repeated run and time consuming. 

Although some efforts have been done for finding a theoretical method for obtaining good Latin 

hypercube design, much more need to be done. 

 

1.4 Review of Nested Orthogonal Latin Hypercube Designs 

Qian and Wu (2008) proposed the nested designs, useful for designing such experiments and 

develop a method for nested Latin hypercube design. They also proposed some Bayesian 

hierarchical Gaussian process models for such type of computer experiments where nested 

designs are useful. 

 

Qian et al.(2009a) proposed new types of designs called nested space-filling designs for 

conducting multiple computer experiments with different levels of accuracy. They developed 

several approaches to constructing such designs. They proposed a new approach of nested Latin 

hypercube designs where a nested Latin hypercube design with two layers is defined to be a 

special Latin hypercube design that contains a smaller Latin hypercube design as a subset, where 

the whole set is the first layer and the embedded smaller Latin hypercube design is the second 

layer. 

 

Qian et al.(2009b) proposed a method for construction of some nested space-filling designs for 

computer experiments with two levels of accuracy. For the construction of nested space filling 

design the used Galois field and orthogonal array. 

 

Yang et al. (2014) Proposed  methods to construct nested Latin hypercube designs with two or 

more layers, by use of orthogonal designs. The constructed designs possess the propertythat the 

sum of the elementwise products of any three columns is zero. They introcuced the concept of 

nested orthogonal latin hypercube design.  
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1.5 Motivation 

Latin hypercube designs introduced by McKay et al. (1979) have proved to be a popular choice 

of experimental design when computer simulation is used for studying a physical process as the 

design points of a Latin hypercube are equally spaced in the design region when projected onto 

univariate margins. A Latin hypercube design, LH(n, m), is an n × m matrix whose columns are 

permutations of the column vector (1, 2, ..., n). Each Latin hypercube has the property of 

achieving uniformity in each of the m univariate margins. In scientific and engineering research, 

physical experimentationis often very expensive and time consuming. Because many physical 

systems can be described by mathematical equations, scientists are able to find numerical 

solutions of those equations to simulate the systems. For example, injection molding are very 

much useful in cooling system (Tang, 1993) which are used in food processing. In an injection 

molding process, hot liquid material is injected into a mold and then forms to the desired space. 

To cool down the hot molding material, cooling systems are often used in injection molding 

processes. A good cooling system should reduce the material temperature quickly and uniformly. 

Because it is very difficult to measure the material temperature and to build prototypes of cooling 

systems, physical experiments would be very costly. Such applications have increased rapidly in 

the past decade. In contrast to a physical experiment, this kind of experiment is called a computer 

experiment. In computer experiments, changing the levels of variables is only a matter of setting 

different numbers for the input, whereas in physical experiments, taking more levels of variables 

often requires an additional cost of making prototypes and a more elaborate and time-consuming 

implementation of the experiment. Therefore, the differences between computer experiments and 

traditional physical experiments call for different considerations in design and analysis methods 

for computer experiments. To handle such type of experimental situations Orthogonal Latin 

Hypercube design was introduced by Tang (1993). Orthogonal Array (OA) designs are used 

extensively for planning experiments and their success is due to the uniformity properties but 

when a large number of factors are to be studied in an experiment and only a few of them are 

virtually effective, OA designs projected onto the subspace spanned by the effective factors can 

result in repetition of points on effective part only which is undesirable for physical experiments 

in which the bias of the proposed model is more serious than the variance. In this case LHD may 

be preferred. But the projection of such design points onto even bivariate margins cannot be 

guaranteed to be uniformly scattered. Thus to handle this situation Tang(1993) proposed 

Orthogonal arrays based Latin hypercube which generally have better space filling properties 

than random Latin hypercube designs. In some experiments large and expensive computer code 

can be executed at various degrees of fidelity, and result in computer experiments with multiple 
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levels of cost and accuracy. Efficient data collection from these experiments is critical. Nested 

designs, proposed by Qian and Wu (2008), are useful for designing such experiments. For 

drawing two independent and identically distributed samples, one with m runs chosen as D1 and 

another with n runs chosen as D2 , m < n. one can produce a Latin hypercube design of m runs 

and another Latin hypercube design with n runs as D1 and D2 , respectively. The main drawback 

of this approach to use LHD is that it requires imputation of some responses of the high-accuracy 

and low-accuracy experiments when the two sources are aligned together. To mitigate this 

difficulty, Qian (2009) introduced nested Latin hypercube designs. A nested Latin hypercube 

design with two layers is defined to be a special Latin hypercube design that contains a smaller 

Latin hypercube design as a subset, where the whole set is the first layer and the embedded 

smaller Latin hypercube design is the second layer. When such a design is used, the first layer is 

chosen as Dl and the second layer as D2. Recently, Sun et al. (2013) presented a general approach 

to constructing nested spacefilling designs using nested difference matrices. Li and Qian (2013) 

suggested a method of construction of nested (nearly) orthogonal designs intended for multi-

fidelity computer experiments. Such designs are two (nearly) orthogonal designs with one nested 

within the other. These nested space-filling designs (Sun et al., 2013) can achieve uniformity in 

low dimensions, but they lack orthogonality. Thus to overcome this situations Yang et al. (2014) 

proposed nested Orthogonal Latin hypercube design.  Keeping in view the above, the following 

objectives have been framed. 

 

1.6 Objectives 

i. To develop method(s) of construction for obtaining first order and second order 

orthogonal Latin hypercube designs. 

ii. To develop method(s) of construction of orthogonal and/or nearly orthogonal Latin 

hypercube designs with good space filling property. 

iii. To develop method(s) of construction of nested orthogonal Latin hypercube designs. 

iv. To develop a web application for obtaining orthogonal and nested orthogonal Latin 

hypercube designs constructed from above methods of construction 

 

 

1.7 Scope of the present study  

The results obtained in the present investigation have been presented in Chapter II and Chapter 

III and chapter IV. In the Chapter II, a general method of construction of Orthogonal Latin 

Hypercube Designs has been describe. The methods of construction deal with both first order and 

second order orthogonal Latin hypercube designs. A Catalogue of Orthogonal Latin hypercube 
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Designs of 1st order and 2nd order with m (≤ 6) factors and n (≤ 20) runs is also presented in 

Appendix I and Appendix II respectively. The 1st order OLH(n, m) designs ensure independence 

of estimates of linear effects when a first order model is fitted whereas 2nd order OLH design 

ensures that not only the estimates of linear effects are mutually uncorrelated but they are also are 

uncorrelated with the estimates of quadratic and interaction effects in a second order model. A 

web application of generation of these designs has also been developed and presented in Chapter 

2. 

 

In the Chapter III, construction methods of Orthogonal and nearly orthogonal space filling Latin 

Hypercube Designs has been described. A Catalogue of Orthogonal and nearly orthogonal space 

filling Latin Hypercube Designs with m (≤ 6) factors and n (≤ 20) runs is presented in Appendix 

III(a).  The orthogonality value and space filling values of the designs presented in Appendix 

III(a) is presented in Appendix III(b). Space-filling criterion provides maximum coverage to the 

whole design space and orthogonality criterion helps to estimate linear as well as higher order 

polynomial effects independently. To determine a Latin hypercube design with respect to space-

filling property, three criterion like entropy criterion, Øp criterion and central L2 discrepancy 

criterion was used. A web application of generation of these designs has also been developed and 

presented in Chapter 3. 

 

In the Chapter IV, construction methods of Nested Orthogonal Latin Hypercube (NOLH) Designs 

has been described. Two general methods of constructing nested orthogonal Latin hypercube 

designs have been developed. First method deals with 2 layers of NOLH and the second methods 

deals with three or more layers of NOLH. The methods give many new nested orthogonal Latin 

hypercube designs with fewer number of runs as compared to existing nested orthogonal Latin 

hypercube designs. A Catalogue of Nested Orthogonal Latinhypercube Designs of p(≤ 4) layers 

with m (≤ 6) factors and n (< 100) runs is presented in Appendix IV. A web application of 

generation of these designs has also been developed and presented in Chapter 4. 
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 ORTHOGONAL LATIN HYPERCUBE DESIGNS 

 

 

2.1 Introduction 

Computer experiments are probably the most effective approach to probe the complex real world 

systems. This is especially true when the corresponding physical experiments are costly. Latin 

hypercube designs (LHDs), proposed by Mckay (1979), have been widely adopted in the design 

of computer experiments with quantitative factors because they spread the design points 

uniformly in any one-dimensional projection. An LHD with n runs and m factors is denoted by a 

matrix L(n,m)=l1, …,lm where lj, j is the jth factor, and each factor includes n uniformly spaced 

levels {1,2,…,n}. Often it is convenient to present the levels of the factors in an LHD in its 

centered form. To be specific, the levels belong to the set 

{(n1)/2,(n3)/2,…,(n2i+1)/2,,(n3)/2,(n1)/2}.  

 

An LHD when represented in its centered form is called an orthogonal LHD if the inner 

product of any two distinct columns is zero. Henceforth, we denote an orthogonal Latin 

hypercube design with n runs and m factors as an OLH(n,m). As discussed in Sun et al. (2009), 

an OLH ensures that the parameter estimates of the first order polynomial model 

   

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j

j xy
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0     (2.1) 

are uncorrelated. Recently, considerable attention is being given to the parameter estimation of 

second order polynomial model 
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When model (2.2) is used along with an OLH, it is desirable that the OLH should ensure that 

there is no correlation between parameter estimates of first and second order effects. This 

requires that the OLH should have the additional properties that (a) the entry-wise square of each 

column is orthogonal to all columns in the design and (b) the entry-wise product of any two 

distinct columns is orthogonal to all columns in the design. Such an OLH is called as second 

order OLH. Clearly, a second order OLH is always an OLH but an OLH may not be a second 

order OLH. Henceforth, unless we mention the word “second order", an OLH will simply refer to 

CHAPTER II 
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first order OLH. Several workers have given a number methods of construction of OLHs for 

different n and m. The values of n and m for second order OLHs are given below:  

1. n = 2k+1 , m=2k and n = 2k+1 +1, m = 2k  (Ye et al.,1998)  

2. n = 2k+1 , m=k +1 + 








2

k
 and n = 2k+1 +1, m=k +1 + 









2

k
, k ≤ 11 (Cioppa & Lucas, 2007)  

3.  n = 2k+1 , m = 2k  and n = 2k+1 +1, m = 2k (Sun et al.,2009)  

4. n = r2k+1 , m = 2k  and n = r2k+1 +1, m = 2k   (Sun et al.2010)  

where k  1 is an integer. 

 

Lin (2008) provided several interesting construction methods for OLHs. Georgiou and 

Efthimiou (2014) presented several new classes of OLHs for m =12, 16, 20 and 24 factors. Dey 

and Sarkar (2014) reported some more results on the construction of OLH including a few new 

second order OLHs. Parui et al.(2016) developed method of construction of second order OLHs 

for 3 factors with any permissible number of runs for which such designs exist. Mandal et. al. 

(2016) extended the construction of OLHs for four factors for any permissible number of runs for 

which such designs exist. They also presented several derived classes of OLHs for larger number 

of columns. Evangelaras, (2016) proved that second order OLH does not exist for m>2 columns 

with n runs when n 4 (mod 8). 

From above review, it is clear that there are many run sizes for which a construction method 

of OLH does not exist, particularly for second order OLHs. For example, the above methods do 

not allow construction of second order OLHs for n=8,9 (mod 16) runs, except the method of 

parui et. al. (2016) which is applicable for m=3 only. In this article, we propose procedures to 

obtain OLH(n,6) for all permissible n for which an OLH exists. This completes the search of 

OLH up to six factors for any possible runs for which such designs exist. We also give two new 

series of second order OLH designs for six factors. 

 

2.2 Construction of First Order Orthogonal Latin Hypercube Designs 

A Latin hypercube design, LH(n, m), is an n × m matrix whose columns are permutations 

of the column vector (1, 2, …, n)'. We shall represent the levels of each factor, in its centered 

form. For a positive integer n, let ng  be an n × 1 vector with its ith element equal to (i-(n+1)/2),   

1 ≤ i ≤ n, and nG  be the set of all permutations of ng . We denote the set of all levels as L. A 
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centered Latin hypercube design is an n × m  matrix with columns from nG  . The columns of a 

Latin hypercube design represent the input factors and the rows, the experimental runs. 

Lemma 1: There exists no OLH(n, m) if 2n  (mod 4).  

Lemma 1 is due to Lin et al. (2009). Next, we note the following result. 

Lemma 2:  There exists no OLH(n, 6) for n < 11 runs.  

To prove this, it is known that for m =6, no OLH exists for n < 6 and n = 6, 10 is covered 

by Lemma 1. The non-existence of OLH(n, 6) for n = 7, 8 and 9 can be easily verified by an 

exhaustive search in computer. Thus, to have an OLH(n, 6), we need n ≥ 11 runs. 

We shall call an n × m matrix A=(a1 , a2 , …, am) as orthogonal if (a) 0
jiaa  for all i ≠ j 

=1, 2, …, m. We denote an orthogonal matrix as OM(n, m). We shall call the matrix A second 

order orthogonal if it has the additional properties that (a)   02 


ji aa  (b)   02 


ij aa  for all i ≠ j 

=1, 2, …, m. and (c) ai ο aj ο ak = 0 for all i ≠ j ≠ k = 1,2,…, m where ο  denote the Hadamard 

product. Now, we present a result for constructing a second order OM (n, 6) with n ≡ 0 (mod 16). 

 

Lemma 3: Let ±ai,±bi,±ci,±di,±ei,±fi,±gi,±hi, i = 1,2,…, t be any 16t real numbers such that none 

of them is 0. Consider the matrix D = (D'1,.D'2,…,D't)' with  
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(2.3) 

 

               

Then, the D is a second order OM (16t, 6) and each column of the matrix D contains each of the 

numbers ±ai,±bi,±ci,±di,±ei,±fi,±gi,±hi, i = 1,2,…, t exactly once.  

Lemma 3 is very useful to construct second order OM (16t, 6). We give an example of 

constructing a second order OM (16, 6). 

Example 1: Let t = 1 in Lemma 3 and set a1 = -15/2, b1 = -13/2, c1 = -11/2, d1 = -9/2, e1 = -7/2, f1 

= -5/2, g1 = -3/2, h1 = -1/2. Then the matrix 
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  is an OM (16,6). 

 Let D be a second order OM (16t, 6) as in Lemma 3. If each of the columns of the matrix 

D contains each of the elements of L exactly once, then D is a second order OLH (16t, 6).  

Note that an OM constructed by Lemma 3 may or may not be an OLH. With the proper 

choice of the elements ai,bi,ci,di,ei,fi,gi,hi, i = 1,2,…,t in Lemma 2, a second order OLH (16t, 6) 

can be constructed. Note that the design given in (2.4) is a second order OLH (16, 6). 

Lemma 4: Let D1 and D2 be two orthogonal matrices of order n1 × m and n2 × m, respectively, 

such that each of the columns of the matrix D = 








2

1

D

D
 contains each of the elements of L exactly 

once. Then, D is an OLH design with n1 + n2 rows and m columns.  

Lemma 4 is a very useful result which can be utilized to construct bigger OLH designs by 

combining two smaller orthogonal matrices. In fact, Lemma 3 has been used by Sun et al. (2009) 

and Yang and Liu (2012) to construct OLH designs for s2r runs by combining orthogonal 

matrices with 2r rows s times. Now, we present methods for constructing OLH designs for m = 6 

for all n for which an OLH design may exist. 

A run size n can fall into one of these twelve cases for which an OLH (n, 6) can exist: n ≡ 

s (mod 16), s = 0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15. Since n ≡ 2,6,10 and 14 (mod 16) are 
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equivalent to n ≡ 2 (mod 4), an OLH does not exist for n ≡ 2,6,10 and 14 (mod 16) for any m by 

Lemma 1. 

Using methods of Sun et al.(2009), Sun et al.(2010)  and Yang and Lui (2012), one can 

construct an OLH for n ≡ 0,1 and 8 (mod 16), but not for other n. For the sake of completeness, 

we discuss construction of OLH designs for six columns for all the cases. 

Theorem 1: An OLH (n, 6) can always be constructed for n ≡ s (mod 16),                                                   

s = 0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 such that n ≥ 11.  

 

Proof. By Lemma 2, an OLH (n, 6) does not exist for n ˂ 11. We give the construction of 

OLHs by dividing the range of n into three sub-ranges. 

    (i)  11 ≤ n ≤ 15: An OLH (n, 6) for n = 11,12,13 and 15 is given in Table 1(a), (b), (c) 

and (d), respectively. These four designs are due to Lin (2008). 

 

    (ii) 16 ≤ n ≤ 31: Let n = 16 + s with s = 0,1,3,4,5,7,8,9,11,12,13,15. For s = 0 and 1, an 

OLH (16, 6) and OLH (17, 6) can be obtained following the method of Ye (1998) or Sun et 

al.(2009) or Yang and Liu (2012) . For s = 3,4,5, an OLH (n, 6) design with n = 19,20,21 is 

given in Table 2(a), (b) and (c), respectively. These three designs are due to Lin (2008). For s = 7, 

an OLH (23, 6) can be obtained by 








2

1

D

D
 where D1 and D2 are obtained by multiplying the 

elements of OLH (11, 6) and OLH (12, 6) given in Table 5(a) and (b) by 2. For s = 8, an OLH 

(24, 6) is given in Table 10(d) which is due to Georgiou and Efthimiou (2014). For s = 9, an 

OLH (25, 6) can be obtained by adding a row of zeros to the OLH (24, 6) in Table 10(d). For s = 

11,12,13,15, n = 27,28,29,31 and to construct an OLH (n, 6) for these n, arrange the levels in L in 

ascending order and partition the levels into two disjoint sets S1 and S2 such that S1 contains s 

levels (s = 11,12,13,15,) from the center of the arrangement and S2 contains rest of the 16 levels. 

From the s  levels in S1, an OLH (s, 6) is available in Table 1 (a) to (d). From the 16 levels in S2, 

construct an OM (16, 6) following Lemma 2. Now, following Lemma 2, juxtaposing these two 

orthogonal matrices gives an OLH (n, 6), n = 27,28,29,31. 

 

   (iii) n ≥ 32: Let n = 16 (r + 1) + s, r = 1,2,…; s = 0,1,3,4,5,7,8,9,11,12,13,15 . Denote 

the n levels as in L and arrange them in ascending order. Partition the levels into two disjoint sets 

S1 and S2 such that S1 contains 16 + s levels from the center of the arrangement and S2 contains 

rest of the 16r levels. From the 16 + s  levels in S1, construct an OLH (16 + s, 6) as described in 
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(ii) above. From the 16r levels in S2, construct an OM (16r, 6) following Lemma 3. Now, 

following Lemma 3, juxtapose the OLH (16 + s, 6) and the OM (16r, 6) to get an OLH (n, 6).  

 For illustration, we give examples of construction of one OLH from each of case (ii) and 

(iii) above. 

  Let n = 28. We partition the 28 levels in L into two disjoint subsets S1 and S2 where S1 = 

{-11/2, -9/2, -7/2, -5/2, -3/2, -1/2, 1/2, 3/2, 5/2, 7/2, 9/2, 11/2} and S2 = {-27/2, -25/2, …, -15/2, -

13/2, 13/2, 15/2, … ,25/2, 27/2} of sizes 12 and 16, respectively. From the elements in S1, we get 

an OLH (12, 6) as in Table 1(b). From the elements in S2, let t = 1 in Lemma 2 and set a1 = -27/2, 

b1 = -25/2, c1 = -23/2, d1 = -21/2, e1 = -19/2, f1 = -17/2, g1 = -15/2, h1 = -13/2 . Then the matrix 
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(2.5) 

 

 

   

is an OM (16, 6) . Juxtaposing D with the design in Table 1(b), we get an OLH (28, 6).  

  

 Let n = 51. Here, r = 2, s = 3 in (iii) of the proof above. Partition the 51 levels in L into 

two disjoint subsvets S1 and S2 such that S1 = { -9, -8, … , -1, 0, 1, … , 8, 9} and S2 = {-25, -24, 

… , -11, -10, 10, 11, … , 24, 25}. Let t = 2 and let a1 = -25, b1 = -24, c1 = -23,  d1 = -22, e1 = -21, 

f1 = -20, g1 = -19, h1 = -18, a2 = -17, b2 = -16, c2 = -15, d2, = -14, e2 = -13, f2 = -12, g2 = -11, h2 = 

-10, in Lemma 3. Then, we get the following OM (32, 6) from Lemma 3. 
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D = 

 

(2.6) 

Now, juxtaposing D with the OLH (19, 6) in Table 2(a), we get an OLH (51, 6).  

  

Table  1: Orthogonal Latin Hypercube Designs for Six Factors for 11 ≤ n ≤ 15 

(a): n =11 (b) : n =12 
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



















11519711

135779

977917

799795

533333

51151131

3575111

9113153

1111115

3191197

1911559

771131111

2

1
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(c) : n =13 (d) : n =15 


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


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
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


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




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
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


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











612127

011656

474755

121334

473263

166012

645141

737570

532671

740322

307403

254414

365265

253536

526747

 

 

Table  2: Orthogonal Latin Hypercube Designs for Six Factors for 19, 20, 21 and 24 

(a) : n =19 (b) : n =20 


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





















































017119

466138

832727

677416

583755

918274

340883

131382

154201

92640

259441

366862

793323

625974

471695

249036

505567

984558

728999
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195717717

11519131115

13171913513
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11711539

11933117

7313555

1791311173

5111711

133111511

15777193

1713735

5799157

913111199

15131511511

31593913

911511915

3111791317

71917191319

2

1
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(c) : n =21 (d) : n =24 


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959214

371155

545396

6674107

648308

7109859

9949210
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

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
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










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
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











73111139

31713911

17391113

13119371

11913713

91311137

15195212317

51519231721

19515172123

21231715195

23172151519

17212319515

73111139

31713911

17391113

13119371

11913713

91311137

15195212317

51519231721

19515172123

21231715195

23172151519

17212319515

2

1

 

 

Remark 1:  Lemma 2 and Theorem 1 completely solves the existence and construction problem 

of OLHs for six factors. From the construction technique outlined in the proof of Theorem 1, one 

can get infinite number of new OLHs with six factors.  

 

2.3 Construction of Second Order Orthogonal Latin Hypercube Designs 

If the OLH constructed from the levels S1 in the proof of Theorem 2 is of second order, 

then the final OLH design is also of second order.  

Now, we have the following result.  

Theorem 2: A second order OLH (n, 6) can always be constructed for n ≡ s(mod16), s = 8, 9 

with n ≥ 24. 
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Proof. Let n = 16(r+1) + s, r = 0,1,2, … , s = 8,9,. Then, arrange the  levels in ascending 

order and partition the levels into two disjoint sets S1 and S2 of sizes 16 + s and 16r respectively. 

For s = 8, there are 24 elements in S1 and a second order OLH (24, 6) is readily available in Table 

10(d). For s = 9, we can get a second order OLH (25, 6) by adding a row of zeros to the OLH (24, 

6). From the 16r elements in the set S2, a second order OM (16r, 6) can be constructed following 

Lemma 2. Juxtaposing the second order OM with the second order OLH, we get a second order 

OLH (16r + 16 + s,6).  

 

Theorem 2 gives a new series of second order OLH designs for six factors. For example, 

available methods can not construct a second order OLH with 40 runs for 6 factors. 

 

The method of construction given in Section 2.2 is general in nature and can be used for 

obtaining Orthogonal Latin Hypercube Designs. Using this method, a catalogue A Catalogue of 

Orthogonal Latin hypercube Designs of 1st order and 2nd order with m (≤ 6) factors and n (≤ 20) 

runs is also presented in Appendix I and Appendix II respectively.  

 

2.4 Web Application 

In this section, we describe a web application developed for online generation of Orthogonal 

Latin hypercube Designs of 1st order and 2nd order. The application has been developed using JSP 

language and STS (Java) platform. Some screen shots are given below:  
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Figure 2.4.1: First Screen depicting Selection of number of factors 
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2.5 Discussion 

In the present investigation, we have completely solved the existence and construction problem 

of orthogonal Latin hypercube designs with six factors for any number of runs. To be specific, we 

have shown that an OLH(n, 6) does not exist for n < 11 and for n ≡ 2(mod 4), and also proved 

that an OLH(n, 6) always can be constructed for n ≡ s(mod16), s =0,1,3,4,5,7,8,9,11,12,13,15. 

We have also presented two new series of second order OLH for n ≡ s(mod16), ), s =8, 9 for six 

factors. 
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 ORTHOGONAL AND NEARLY ORTHOGONAL SPACE FILLING 

LATIN HYPERCUBE DESIGNS 

 

3.1  Introduction 

Latin hypercube designs are widely used space-filling designs. Choice of a good Latin hypercube 

closely depends upon two criteria viz. space-filling criteria and orthogonality. Space-filling 

criterion provides maximum coverage to the whole design space and orthogonality criterion helps 

to estimate parameters independently. As we know that criterion of orthogonality and space 

filling are not related to each other. An orthogonal Latin hypercube designs may not have good 

space-filling property and vice-versa.  

 

3.2  Space filling Criterions for Latin Hypercube Designs 

Three criteria (defined in Sections 3.2.1, 3.2.2 and 3.2.3) are being used widely for studying the 

space filling properties of a Latin hypercube/ Lain hypercube design. Measure of orthogonality of 

a Latin hypercube is defined in Section 3.5 and general approach used for constructing Latin 

hypercube designs is discussed in Section 3.6. 

3.2.1 Entropy Criterion  

 Shanon (1948) introduced entropy criterion as a measure of ‘amount of information’ available 

from a design. An efficient design can be obtained by minimizing the mathematical form which 

was given by Shanon (1948). Later Koehler and Owen (1996) modified it to more simplified and 

analytical form for obtaining maximum entropy Latin hypercube design ( n kD  ) by minimizing 

following expression log R , where R is correlation matrix. 

2

1

exp
k

q

ij il jl

l

R s t 


 
   

 
         (3.1) 

where sij and tjl are two design points  1 ≤ i,  j ≤  n and 1 ≤ q≤ 2, k is number of columns, θ is a 

constant and 2  is generally assumed to be 1. A Latin hypercube design with smaller entropy 

criterion value has better space-filling property. 

3.2.2 p Criterion 

Morris and Mitchell (1995) introduced the concept of maximin distance criterion and which is 

quite popular criterion for finding optimal Latin hypercube designs with good space filling 

properties. For given n and k, a Latin hypercube design with minimum p value is the best. It 

maximizes the minimum intrinsic distances between design points i.e. max min  i jX X  for 

CHAPTER III 
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all i ≠ j, where Xi and Xj are corresponding ith and jth run of a Latin hypercube design. The 

p value can be directly calculated by using the following expression.  

1

1

s p
p

p i i

i

J  



 
   

 
                                                                                                                    (3.2)        

where J be the index i.e. (J1, J2,…, JS) is the number of time (δ1,δ2,… ,δS)  distances occur and s 

≤
2

nC , p being any integer. A Latin hypercube design with lower p value is preferable in terms 

of space filling property. 

3.2.3  Central L2 Discrepancy Criterion 

 This criterion was introduced by Hikernell (1998). It measures the difference between empirical 

cumulative distribution function of a design and the uniform cumulative distribution function. 

Optimal Latin hypercube design can be obtained by minimizing the following mathematical 

form. 

 
22

2

1 1

2
1 1 1

13 2 1 1
1 0.5 0.5

12 2 2

1 1 1 1
1 0.5 0.5

2 2 2

k kn

il il

i l

kn n

il jl il jl

i j l

CL d d
n

d d d d
n

 

  

   
        
   

 
       

 





 (3.3) 

where 
ijd  are design points, k be the number of factors and n is the number of runs in a Latin 

hypercube design. The smaller the central L2 discrepancy criterion value, the better a Latin 

hypercube design is in terms of space filling property. 

Let  ijaA
 
be a Latin hypercube. Then a Latin hypercube design can be obtained by assuring 

all design points lie with in [0, 1)k  is given below. 

 min( ) / max( ) minij ij ij ija x a a       
D

      
(3.4) 

3.3 Construction of orthogonal and Nearly Orthogonal Space filling Latin Hypercube 

Designs 

A Latin hypercube with minimum values of measures of space filling properties among all 

possible Latin hypercubes of given number of runs and factors is known as Optimal Latin 

hypercube with respect to space filling. Optimal design with respect to good space-filling values 

may also be obtained by minimizing simultaneously all these three criterion values.  
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Standard Latin squares of odd order and technique of rearrangement of elements in a specific 

order have been used for obtaining general methods of construction of Latin hypercube designs 

for two factors in any number of runs. Space-filling property and orthogonality of Latin 

hypercube obtained from proposed methods of construction are studied using the criteria defined 

in Sections 3.21, 3.2.2, and 3.2.3 . The techniques of augmenting base designs in smaller number 

of runs to obtain orthogonal Latin hypercube designs in larger run sizes and specific column 

arrangements have been used for obtaining general methods of construction for orthogonal Latin 

hypercube designs for upto six factors and 20 runs.  Some modification in constructed OLH of 1st 

order designs have been used to obtain a orthogonal and nearly orthogonal Latin hypercube 

deisgns witth good space filling property. Space-filling property of orthogonal Latin hypercubes 

obtained from proposed methods of construction is studied using the criteria defined in Sections 

3.21, 3.2.2, and 3.2.3 . PROC IML of SAS is used for developing codes for generating the 

designs obtainable from general methods of construction and to obtain values of three space 

filling criteria.  

3.4 Web Application 

In this section, we describe a web application developed for online generation of Orthogonal 

Latin hypercube Designs of 1st order and 2nd order. The application has been developed using JSP 

language and STS (Java) platform. Some screen shots are given below:  
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3.5 Discussion 

Choice of a good Latin hypercube closely depends upon two criteria from which one is space-

filling criterion and another is orthogonality criterion. Space-filling criterion provides maximum 

coverage to the whole design space and orthogonality criterion helps to estimate linear as well as 

higher order polynomial effects independently. In the present investigation, to determine a Latin 

hypercube design with respect to space-filling property, three criterion like entropy criterion, 

p criterion and central L2 discrepancy criterion will be used. To obtain orthogonal/ nearly 

orthogonal Latin hypercube designs, firstly orthogonal Latin hypercube designs will be obtained 

from the construction methods of OLH1(n, m) and OLH2(n, m) then runs/factors will be modified 

in such a way that the space filling criteria values are improved with minimum loss of 

orthogonality. The implementation of such a method may involve computer aided search for the 

purpose. OLH(n, m) designs with good space filling property obtainable from these methods of 

construction would be catalogued for number of columns (m <= 6) and number of runs (n <= 20).
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NESTED ORTHOGONAL LATIN HYPERCUBE DESIGNS  

 

4.1 Introduction 

Computer experiments are now a days widely used to probe complex real world systems when 

the corresponding physical experiments are costly or impossible to perform. Latin hypercube 

designs (LHDs) introduced by McKay et. al. (1979) are widely used in the designing of computer 

experiments. An LHD with n runs and m factors is denoted by a matrix L(n, m) = (l1,…,lm,), 

where lj, j = 1, 2, … , m is the jth factor, and each factor includes n uniformly spaced levels {1, 

2,…, n}. An LHD is said to be orthogonal if the correlation coefficient between any two columns 

is zero. When represented in centered form, an orthogonal LHD has the property that the inner 

product of any two distinct columns is zero. Henceforth, we denote an orthogonal LHD with n 

runs and m factors as an OLH (n, m). As discussed in Sun et al. (2009), an OLH ensures that the 

parameter estimates of the first order polynomial model 

                              



m

j

jj exbby
1

0                                           (4.1) 

are uncorrelated. Construction of OLHs are studied by a number of authors, see (Ye, 1998; 

Cioppa and Lucas, 2007; Sun et al., 2009, 2010; Lin et al.,2010; Georgiou and Efthimiou, 2014; 

Dey and Sarkar, 2014; Parui et al.,2016; Mandal et al., 2016) and Sun and Tang (2017) among 

others. 

Sometimes computer experiments may be performed with two or more different accuracy levels 

to study a complex physical system, see for example, Qian et al. (2006). Qian (2009) proposed 

nested Latin hypercube designs which are useful to conduct such type of experiments. A Latin 

hypercube design L1 is said to be nested with p2 layers when it contains a smaller Latin 

hypercube design L2 as a subset,  L2 contains a smaller Latin hypercube design L3 as a subset and 

so on till Lp-1 contains a smaller Latin hypercube design Lp as a subset. Clearly, np ˂ np-1 ˂ … ˂ 

n1. Further, if each Li is an OLH, then L1 is a nested OLH and is denoted as NOL((n1, n2, … , np), 

m). The p layers of the nested OLH are L1, L2,…, Lp respectively.  

 

Recently, Yang et al. (2014) proposed methods of construction of nested OLH. They used a 

special type of m ×m orthogonal design (OD) to construct nested OLH. Though their methods 

are quite appealing, the methods have two limitations. Firstly, the methods work for m = 2r, r 

being a positive integer and secondly NOLs obtained through their proposed methods often have 

CHAPTER IV 
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larger number of runs for a given m. In this article, we propose two very simple methods of 

construction of nested OLHs with p layers. The methods use existing OLHs to obtain a nested 

OLH. Using the proposed methods, we obtain many new nested OLHs with p layers. 

4.2 Construction of nested OLHs with two layers:  

In this section, we proposed a method of construction of nested OLHs with two layers. 

The construction depends on the existence of two OLH designs with specific number of runs. We 

shall represent the levels of each factor of the constituent OLHs in centered form, i.e., for OLH 

(n, m), the levels of each factor belong to the set {(n1)/2,(n3)/2,…,(n3)/2,(n1)/2}. 

Theorem 1:  Let *

1L be an OLH(n,m) and *

2L  be an OLH (n + 1, m) such that n 1, 2 mod4. Then 

L1 = (2 TL*

1 , TL*

2 )T is both NOL ((2n + 1, n),m) and NOL((2n + 1, n+1), m).  

Proof.  First we prove one-dimensional uniformity. Since *

1L  is an OLH (n, m), the elements in 

each column of *

1L  belong to the set {-(n - 1)/2, -(n – 3)/2, … ,-(n – 2i + 1)/2, … ,(n - 3)/2, (n – 

1)/2}. Similarly, the elements in each column of *

2L  belong to the set {-n/2, -(n - 2)/2, … ,-(n – 2i 

+ 2)/2,…,(n - 2)/2, n/2}. Therefore, each column of L1 contains elements belonging to the set {-

(n - 1), -(n - 3), … , -(n - 2i + 1), … , (n – 3), (n – 1), - n, -(n - 2), … , n} = {-n, -(n – 1), … ,(n – 

1), n}. Clearly, these 2n + 1 elements are equally spaced. To prove orthogonality, let any two 

columns of *

1L  be xi1 and xi2, i = 1, 2. Corresponding two columns in L1 are 









21

11

1
x

x
x  and 











22

12

2
x

x
x . Now 02221121121  xxxxxx TTT  since 021 i

T

i xx  as 2,1,*

1 iL  are orthogonal. Thus, 

L1 is an OLH. Further, 1

*

1 LL   and 2

*

2 LL  . Thus, L1 is an NOL((2n + 1, n), m) with two layers 

L1, 
*

1L  and an NOL((2n + 1, n + 1), m) with two layers L1, 
*

2L .   

 Example 1: Let n=7, m=3. Then using Theorem 1, we get a NOLH design as given in Table1  

Table 1: An NOL((15,7),3) and an NOL((15,8),3) 

 

Run# x
1
 x

2
 x

3
 Run# x

1
 x

2
 x

3
 Run# x

1
 x

2
 x

3
 

1 -6 6 4 6 4 2 -4 11 -1 -3 5 

2 -4 0 -6 7 6 4 0 12 7 5 3 

3 -2 -4 -2 8 -7 -5 -3 13 5 -7 1 

4 0 -6 2 9 -5 7 -1 14 3 -1 -7 

5 2 -2 6 10 -3 1 7 15 1 3 -5 

 

First 7 runs of the design given in Table 1 form the second layer of NOL((15,7),3) and last 8 runs 

form the second layer of NOL((15,8),3) and all the 15 runs form the first layer.  
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Theorem 1 permits construction of many smaller nested OLHs with two layers than the 

method of yang et. al. (2014). For example, NOL((15,7),3) and NOL((15,8),3) are perhaps the 

smallest nested OLH design for m = 3 in terms of run size. Method of yang et. al. (2014) requires 

at least 17 runs to get a nested OLH for m = 3. Again, to obtain a two-layer nested OLH for 5 and 

6 factors using method of Yang et al. (2014) requires at least 33 runs whereas Thoerem 1 can 

obtain a nested OLH in 23 runs. 

4.3 Construction of nested OLHs with three or more layers 

 In this section, we propose a method of construction of nested OLHs with p ˃ 2 layers. 

As earlier, the construction depends on the existence of  OLHs with specific number of runs.  

 

Theorem 2: Let *

1L  be an OLH (n, m), *

2L  be an OLH (n + 1, m) and *

iL  be an OLH (2(i - 2)n, m), i 

= 3, 4,…, p such that n ≡ 0 (mod 4). Then L1= (2p - 1 TL*

1 , 2p-1 TL*

2 , 2p-2 TL*

3 ,…, 2p-i+1 T

iL* ,…, 22 T

pL*

1 , 

2 T

pL* )T is an NOL((n1,n2,…,np),m) with p layers L1,  L2 = (2p - 1 TL*

1 , 2p-1 TL*

2 , 2p-2 TL*

3 ,…,2p-i+1 T

iL* , 

…, 22 T

pL*

1 )T,..., Li = (2p - 1 TL*

1 , 2p-1 TL*

2 , 2p-2 TL*

3 ,…, 2i T

ipL*

1 )T,..., Lp-1= (2p - 1 TL*

1 , 2p-1 TL*

2 ), Lp= 2p -1 

*

1L  or Lp = 2p-1 *

2L  and n1 = 2p-1 n+1, n2 = 2p-2 n+1,…, ni = 2p-i n + 1,…, np-1= 2n + 1, np= norn + 1, 

respectively. 

 

Proof. First we prove one dimensional uniformity of the constructed design for each 

layer. One dimensional uniformity of pth layer is obvious. Consider (p - 1)th layer Lp-1= (2p - 1 TL*

1 , 

2p-1 TL*

2 ). Since n ≡ 0 (mod 4), let n = 22t where  is a positive integer. Then, each column of Lp-1 

contains elements belonging to set {-(2pt – 2p-2), -(2pt – 3 × 2p-2),…,(2pt – 2p-2), (2pt – 3 × 2p-2), - 

2pt, - (2pt – 2 × 2p-2),…, (2pt – 2 × 2p-2)} = {-2pt, -(2pt – 2p-2), -(2pt – 2 × 2p-2),…, (2pt – 2 × 2p-2), 

(2pt – 2p-2), 2pt}. Clearly, the elements are equally spaced with spacing 2p-2. Consider (p - 

2) th layer Lp-2. It may  be verified easily that elements of each column of Lp-2 are in the set 

{-2pt, -(2pt – 2p-3), -(2pt – 2 × 2p-3),…, (2pt – 2 × 2p-3), (2pt – 2p-3), 2pt}, the spacing between the 

elements being . On similar lines, elements of each column of th layer Li, i = 1, 2,…, p - 1 

are in the set {-2pt, -(2pt – 2i-1), -(2pt – 2 × 2i-1),…, (2pt – 2 × 2i-1), (2pt – 2i-1), 2pt} with spacings 

2i-1 between the elements. Proof of orthgonality is straightforward extension of the proof of 

orthogonality given in Theorem 1. Also .121 ... LLLL pp   . This completes the proof. 

Example 2: Let us construct a three layer nested OLH. Let n = 12, m = 5. Then an OLH(12,5), an 

OLH(13,5) and an OLH(24,5) are  
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 and  , respectively. 

 

Using Theorem 2, an NOL((49, 25, 12), 5) and an NOL((49, 25, 13), 5) are obtained and are 

given in Table 2.  

 

Table 2: An NOL((49,25,12),5) and an NOL((49,25,13),5) 

 

Run# x
1
 x

2
 x

3
 x

4
 x

5
 Run# x

1
 x

2
 x

3
 x

4
 x

5
 

1 -22 -22 -6 -22 -14 25 24 0 -12 -12 0 

2 -18 -10 -10 22 18 26 15 -5 19 23 -21 

3 -14 18 22 -18 -2 27 19 15 -5 -21 17 

4 -10 2 2 2 2 28 -5 19 15 17 23 

5 -6 10 -2 6 22 29 -23 21 -17 15 -5 

6 -2 22 10 14 -10 30 21 -17 -23 19 15 

7 2 6 -22 10 -22 31 -17 -23 21 -5 19 

8 6 -6 6 -6 6 32 7 -3 -1 11 13 

9 10 -18 14 18 -18 33 -3 -1 7 13 9 

10 14 -2 -18 -14 14 34 -1 7 -3 9 11 

11 18 14 -14 -10 -6 35 -13 -11 -9 -3 7 

12 22 -14 18 -2 10 36 -11 -9 -13 7 -1 

13 -24 -24 -24 0 -20 37 -9 -13 -11 -1 -3 

14 -20 4 16 -4 24 38 -15 5 -19 -23 21 

15 -16 24 -16 20 20 39 -19 -15 5 21 -17 

16 -12 8 24 -16 -24 40 5 -19 -15 -17 -23 

17 -8 -8 8 8 -8 41 23 -21 17 -15 5 

18 -4 12 4 4 -12 42 -21 17 23 -19 -15 

19 0 16 -8 -24 4 43 17 23 -21 5 -19 

20 4 -16 -20 -8 12 44 -7 3 1 -11 -13 

21 8 -20 20 24 8 45 3 1 -7 -13 -9 

22 12 -12 12 -20 16 46 1 -7 3 -9 -11 
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23 16 -4 0 16 -4 47 13 11 9 3 -7 

24 20 20 -4 12 -16 48 11 9 13 -7 1 

      49 9 13 11 1 3 

 

All 49 runs in Table 2 forms the first layer, first 25 runs form the second layer of both the NOLs 

and first 12 runs form the third layer of NOL((49, 25, 12), 5) and 13th to 25th runs form the third 

layer of NOL((49, 25, 13), 5). 

Theorem 2 often can construct nested OLH with smaller number of runs than the 

available methods. A comparison of methods given by Yang et al.(2014) and proposed methods 

in this article for construction of nested OLHs with p ≥ 2 layers in terms of smallest number of 

runs in the first layer is given in Table 3. Clearly, proposed methods permit more economical 

nested OLHs in terms of run size of the first layer for many values of m. When m  = 2r, r = 2, 

3,…, proposed methods give nested OLH designs with same minimum number of runs as given 

by the methods of Yang et. al.(2014). 

 

4.4 Web application 

In this section, we describe a web application developed for online generation of Nested 

Orthogonal Latin hypercube Designs with p layers nesting. The application has been developed 

using JSP language and STS (Java) platform. Some screen shots are given below:  
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4.5 Discussion 

In this Chapter, we have proposed two general methods of constructing nested orthogonal Latin 

hypercube designs. The proposed methods have several advantages. Firstly, they permit 

construction of nested OLH for any value of m whenever constituent OLHs exist for that m. 

Secondly, existing OLHs can be effectively used to construct nested OLH. Thirdly, often it is 

possible to construct a nested OLH with smaller number of runs using the proposed methods as 

compared to the method of Yang et al. (2014). Moreover, nested OLHs constructed using 

proposed method are of second order whenever the constituent OLHs are of second order. For a 

definition of second order OLH, see Dey and Sarkar (2014); Parui et al., (2016). 

Table 3: Minimum number of runs of nested OLHs using proposed methods (PM) and the 

methods of Yang et al. (2014). (YM) 

p m YM PM p m YM PM 

2 2 9 9 5 2 65 65 

 3 17 15  3 129 129 

 4 17 17  4 129 129 

 5 33 23  5 257 193 

 6 33 23  6 257 193 

3 2 17 17 6 2 129 129 

 3 33 33  3 257 257 

 4 33 33  4 257 257 

 5 65 49  5 513 385 

 6 65 49  6 513 385 

4 2 33 33 p>2 2 2p+1 + 1 2p+1 + 1 

 3 65 65  3 2p+2 + 1 2p+2 + 1 

 4 65 65  4 2p+2 + 1 2p+2 + 1 

 5 129 97  5 4×2p+1 + 1 3×2p+1 + 1 

 6 129 97  6 4×2p+1 + 1 3×2p+1 + 1 
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SUMMARY  

 

Latin hypercube designs (LHDs) are commonly used in designing computer experiments. In 

recent years, several methods of constructing orthogonal Latin hypercube designs have been 

proposed in the literature. In this article, the methods of construction of orthogonal Latin 

hypercube designs for six factors for any permissible number of runs have been obtained. 

Further, two new series of second order orthogonal Latin hypercube designs for six factors have 

been given. A Catalogue of Orthogonal Latin hypercube Designs of 1st order and 2nd order with m 

(≤ 6) factors and n (≤ 20) runs is also presented in Appendix I and Appendix II respectively. The 

1st order OLH(n, m) designs ensure independence of estimates of linear effects when a first order 

model is fitted whereas 2nd order OLH design ensures that not only the estimates of linear effects 

are mutually uncorrelated but they are also are uncorrelated with the estimates of quadratic and 

interaction effects in a second order model. A web application of generation of these designs has 

also been developed and presented in Chapter 2. 

 

Latin hypercube designs are widely used space-filling designs. Choice of a good Latin hypercube 

closely depends upon two criteria viz. space-filling criteria and orthogonality. Space-filling 

criterion provides maximum coverage to the whole design space and orthogonality criterion helps 

to estimate parameters independently.In the Chapter III, construction methods of Orthogonal and 

nearly orthogonal space filling Latin Hypercube Designs has been described. A Catalogue of 

Orthogonal and nearly orthogonal space filling Latin Hypercube Designs with m (≤ 6) factors and 

n (≤ 20) runs is presented in Appendix III(a).  The orthogonality value and space filling values of 

the designs presented in Appendix III(a) is presented in Appendix III(b). To determine a Latin 

hypercube design with respect to space-filling property, three criterion like entropy criterion, ɸp 

criterion and central L2 discrepancy criterion was used. A web application of generation of these 

designs has also been developed and presented in Chapter 3. 

 

Sometimes computer experiments may be performed with two or more different accuracy levels 

to study a complex physical system. A Latin hypercube design L1 is said to be nested with p 2 

layers when it contains a smaller Latin hypercube design L2 as a subset, L2 contains a smaller 

Latin hypercube design L3 as a subset and so on till Lp-1 contains a smaller Latin hypercube 

design Lp as a subset. Clearly, np ˂ np-1 <…< n1. Further, if each Li is an OLH, then L1 is a nested 

OLH and is denoted as NOL((n1, n2,…,np), m). The p layers of the nested OLH are L1, L2,…,Lp, 
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respectively. Recently, Yang et al. (2014) proposed methods of construction of nested OLH. 

They used a special type of mm orthogonal design (OD) to construct nested OLH. Though their 

methods are quite appealing, the methods have two limitations. Firstly, the methods work for m = 

2r, r being a positive integer and secondly NOLs obtained through their proposed methods often 

have larger number of runs for a given m. In this article, we propose two very simple methods of 

construction of nested OLHs with p layers. The methods use existing OLHs to obtain a nested 

OLH. Using the proposed methods, we obtain many new nested OLHs with p layers. In the 

Chapter IV, construction methods of Nested Orthogonal Latin Hypercube (NOLH) Designs has 

been described. Two general methods of constructing nested orthogonal Latin hypercube designs 

have been developed. First method deals with 2 layers of NOLH and the second methods deals 

with three or more layers of NOLH. The methods give many new nested orthogonal Latin 

hypercube designs with fewer number of runs as compared to existing nested orthogonal Latin 

hypercube designs. A Catalogue of Nested Orthogonal Latinhypercube Designs of p(≤ 4) layers 

with m(≤ 6) factors and n(< 100) runs is presented in Appendix IV. A web application of 

generation of these designs has also been developed and presented in Chapter 4. 
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lkjka'k 

ySfVu gkbijD;wc vfHkdYiukvksa (LHDs) dk mi;ksx lkekU;r% lax.kd ijh{k.kksa dks vfHkdfYir djus esa 

gksrk gSA gky ds o"kksZa esa] lfgR; esa ykfEcd ySfVu gkbijD;wc (vks ,y ,p) vfHkdYiuk,a lajfpr djus 

dh cgqr lh i)fr;ka izLrkfor dh xbZ gSaaA bl izLrqfr esa] juksa dh fdlh Hkh vuqer la[;k gsrq N% 

dkjdksa ds fy, ykfEcd ySfVu gkbijD;wc vfHkdYiukvksa dh lajpuk gsrq i)fr;ka izkIr dh xbZ gSaaA 

blds vfrfjDr] N% dkjdksa gsrq f}rh; Øe ykfECkd ySfVu gkbijD;wc vfHkdYiukvsa dh nks ubZ Ja[kyk,a 

Hkh nh xbZ gSaA m(<=6) dkjd vkSj n(<=20) ju okys izFke ,oa f}rh; Øe dh ykfEcd ySfVu 

gkbijD;wc dh ,d lwph Hkh Øe’k% ifjf’k"V I ,oa ifjf’k"V II esa nh xbZ gSA izFke Øe vks ,y ,p ¼n,m½ 

vfHkdYiuk,a js[kh; izHkkoksa ds vkadyu lqfuf’pr djrh gS tc izFke dze ekWMy yxk;k tkrk gS tcfd 

f}rh; Øe vks ,y ,p vfHkdYiuk,a u dsoy ,d&nwljs ls vlglacaf/kr js[kh; izHkkoksa ds vkadyu 

lqfuf’pr djrh gS cfYd ,d f}rh; Øe ekWMy esa f}Äkr ,oa var%fØ;k izHkkoksa ds vkadyu lfgr os 

vlglacaf/kr gSaa ;g Hkh lqfuf’pr djrh gSA bu vfHkdYiukvksa dh mRifÙk dk ,d oSc vuqÁ;¨x Hkh 

fodflr fd;k x;k gS v©j vË;k; 2 esa ÁLrqr fd;k x;k gSA 

ySfVu gkbijD;wc vfHkdYiukvksa dk mi;ksx o``gn #i ls LFkku&Hkjus okyh vfHkdYiukvksa dh rjg fd;k 

Tkkrk gSA ,d vPNh ySfVu gkbijD;wc dk fodYi eq[; #i ls n¨ ekunaM¨a T©ls fd LFkku&Hkjuk 

ekunaM ,oa ykfEcdrk ij fuÒZj djrk gSA LFkku&Hkjuk ekunaM lEiw.kZ vfHkdYiuk LFkku dh vfËkdre 

dk;Z{®«k O;kfIr miyCËk djkrk gS v©j ykfEcdrk ekunaM Ákpy®a d¢ Lora«k vkadyu esa enn djrk gSA 

r`rh; vË;k; esa] ykfEcd ,oa yxHkx ykfEcd LFkku&Hkjus okyh ySfVu gkbijD;wc vfHkdYiukvksa dh 

lajpuk i)fr dk o.kZu gSA m(<=6) dkjd vkSj n(<=20) ju okyh ykfEcd ,oa yxHkx ykfEcd 

LFkku&Hkjus okyh ySfVu gkbijD;wc vfHkdYiukvksa dh ,d lwph ifjf’k"V III (a) esa nh xbZ gSA ifjf’k"V 
III(a) esa fn;s x, vfHkdYiukvksa ds eku ,oa LFkku&Hkjus okys eku ifjf’k"V III(b) esa fn;s x, gaSA 
LFkku&Hkjus ds xq.k ds lkis{k ySfVu gkbijD;wc vfHkdYiuk,a Kkr djus ds fy, rhu ekunaM¨a T©ls fd 

mRØe&eki ekunaM] ɸp ekunaM ,oa dsUnzh; L2 folaxfr ekunaM dk mi;®x fd;k x;k FkkA bu 

vfHkdYiukvksa dh mRifÙk dk ,d oSc vuqÁ;¨x Hkh fodflr fd;k x;k gS v©j vË;k; 3 esa ÁLrqr fd;k 

x;k gSA  

dHkh&dHkh tfVy Hk©frd Á.kkyh dk vË;;u djus d¢ fy, n® ;k n® l¢ vfËkd ifj'kq)rk Lrj okys 

lax.kd ijh{k.k fd, tkrs gSa A fd;ku (2009) us uhfM+r ySfVu gkbijD;wc vfHkdYiuk,a ÁLrkfor dh 

t¨ bl Ádkj d¢ ijh{k.k lapkfyr djus esa mi;¨xh gSaaA p>=2 ijr¨a okyh fdlh ySfVu gkbijD;wc 

vfHkdYiuk L1 d¨ uhfM+r rc dgk tkrk gS tc blesa L2 ySfVu gkbijD;wc vfHkdYiuk mileqPp; tSlh 

g¨] L2 esa ,d N¨Vh ySfVu gkbijD;wc vfHkdYiuk L3 mileqPp; tSlh g¨ v©j ;g Øe rc rd pyrk 

jgrk gS tc rd Lp-1 esa ,d N¨Vh ySfVu gkbijD;wc vfHkdYiuk Lp mileqPp; tSlh g¨  tk,A Li"Vr% 

np<np-1<…<n1 A  bld¢ vkxs ;fn ÁR;sd L1 ,d ykfEcd ySfVu gkbijD;wc gS r¨ L1 ,d uhfM+r ykfEcd 

ySfVu gkbijD;wc gS v©j ;g NOL((n1,n2,…,np),m) }kjk Ánf'kZr gSA  

uhfM+r ykfEcd ySfVu gkbijD;wc dh p ijrsa Øe'k% L1, L2 , …,Lp gSaaA gky gh esa] ;kax bR;kfn (2014) us 
uhfM+r ykfEcd ySfVu gkbijD;wc dh lajpuk i)fr ÁLrkfor dhA mUg¨aus uhfM+r ykfEcd ySfVu 

gkbijD;wc dh lajpuk djus d¢ fy, ,d fo'¨"k Ádkj dh mxm ykfEcd vfHkdYiuk dk mi;¨x fd;kA 

;|fi mudh i)fr;k¡ cgqr vPNh gSa fQj Òh mudh n¨ lhek,¡ gSaA ÁFke r¨ ;g fd ;g i)fr m=2r d¢ 

fy, dke djrh gS tgk¡ ij r ,d ËkukRed iw.kkZad gS v©j nwljh ;g fd mud¢ ju¨a çLrkfor i)fr ls 

çkIr NOLS fn, x, d¢ fy, vDlj ju¨a dh la[;k cgqr vfËkd g¨rh gSA 

bl ÁLrqfr esa] geus p ijr¨a okyh uhfM+r ykfEcd ySfVu gkbijD;wCl dh lajpuk dh cgqr gh ljy n¨ 

i)fr;k¡ fodflr dh gSaaA i)fr;k¡ uhfM+r ykfEcd ySfVu gkbijD;wc çkIr djus d¢ fy, orZeku ykfEcd 

ySfVu gkbijD;wc dk mi;¨x djrh gSaaA çLrkfor i)fr;ksa  dk mi;¨x djrs gq, ge p ijr¨a okyh 

cgqr lh ubZ uhfM+r ykfEcd ySfVu gkbijD;wc çkIr djrs gSaaA vË;k; V esa] uhfM+r ykfEcd ySfVu 
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gkbijD;wc vfHkdYiukvksa dh lajpuk i)fr dk o.kZu fd;k x;k gSA uhfM+r ykfEcd ySfVu gkbijD;wc 

vfHkdYiukvksa dh lajpuk djus dh n¨ lkekU; i)fr;k¡ fodflr dh xbZ gSaaA igyh i)fr dk lj®dkj 

n¨ ijr¨a okyh uhfM+r ykfEcd ySfVu gkbijD;wc o nwljh i)fr dk lj®dkj rhu vFkok mlls vfËkd 

ijr¨a okyh uhfM+r ykfEcd ySfVu gkbijD;wc ls gSA ubZ i)fr orZeku ykfEcd ySfVu gkbijD;wc 

vfHkdYiukvksa dh vis{kk de ju ä }kjk cgqr lh ubZ uhfM+r ykfEcd ySfVu gkbijD;wc vfHkdYiuk,a 

l`ftr djrh gSA m(<=6) dkjd®a vkSj n(<=100) ju lfgr p(<=4) ijr¨a okyh uhfM+r ykfEcd ySfVu 

gkbijD;wc vfHkdYiukvksa dh ifjf’k"V IV esa nh xbZ gSA bu vfHkdYiukvksa dh mRifÙk dk oSc vuqÁ;¨x 

Hkh fodflr fd;k x;k gS v©j vË;k; 4 esa fn;k x;k gSA 
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Appendix  

 

Appendix I: Catalogue of Orthogonal Latin hypercube Designs of 1st order with m (≤ 6) factors and n (≤ 20) runs  

Number of factors =2 

 

 

 Factor 1 Factor 2 

Run 1 -1 0.5 

Run 2 -0.5 -1 

Run 3 0.5 1 

Run 4 1 -0.5 

 

 Factor 1 Factor 2 

Run 1 -2 1 

Run 2 -1 -2 

Run 3 1 2 

Run 4 2 -1 

Run 5 0 0 

 

 Factor 1 Factor 2 

Run 1 -3 3 

Run 2 -2 0 

Run 3 -1 -2 

Run 4 0 -3 

Run 5 1 -1 

Run 6 2 1 

Run 7 3 2 

 

 Factor 1 Factor 2 

Run 1 -3.5 -2.5 

Run 2 -2.5 3.5 

Run 3 -1.5 0.5 

Run 4 -0.5 -1.5 

Run 5 3.5 2.5 

Run 6 2.5 -3.5 

Run 7 1.5 -0.5 

Run 8 0.5 1.5 

 

 Factor 1 Factor 2 

Run 1 -4 -2 

Run 2 -3 4 

Run 3 -2 -3 

Run 4 -1 3 

Run 5 0 -4 

Run 6 1 2 

Run 7 2 0 

Run 8 3 1 

Run 9 4 -1 
 

 Factor 1 Factor 2 

Run 1 -5 -4 

Run 2 -4 2 

Run 3 -3 -2 

Run 4 -2 3 

Run 5 -1 4 

Run 6 0 -5 

Run 7 1 5 

Run 8 2 -1 

Run 9 3 0 

Run 10 4 1 

Run 11 5 -3 
 

 Factor 1 Factor 2 

Run 1 -5.5 -5.5 

Run 2 -4.5 -2.5 

Run 3 -3.5 4.5 

Run 4 -2.5 0.5 

Run 5 -1.5 2.5 

Run 6 -0.5 5.5 

Run 7 0.5 1.5 

Run 8 1.5 -1.5 

Run 9 2.5 -4.5 

Run 10 3.5 -0.5 

Run 11 4.5 3.5 

Run 12 5.5 -3.5 
 

 Factor 1 Factor 2 

Run 1 -6 -6 

Run 2 -5 1 

Run 3 -4 6 

Run 4 -3 2 

Run 5 -2 -2 

Run 6 -1 3 

Run 7 0 4 

Run 8 1 -4 

Run 9 2 -5 

Run 10 3 -3 

Run 11 4 -1 

Run 12 5 5 

Run 13 6 0 

   

 

 Factor 1 Factor 2 

Run 1 -7 4 

Run 2 -6 3 

Run 3 -5 -6 

 Factor 1 Factor 2 

Run 1 -7.5 6.5 

Run 2 -6.5 -7.5 

Run 3 -5.5 4.5 

 Factor 1 Factor 2 

Run 1 -8 7 

Run 2 -7 -8 

Run 3 -6 5 

 Factor 1 Factor 2 

Run 1 -9 -9 

Run 2 -8 5 

Run 3 -7 -6 
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 Factor 1 Factor 2 

Run 1 -9.5 6.5 

Run 2 -8.5 -6.5 

Run 3 -7.5 -4.5 

Run 4 -6.5 4.5 

Run 5 -5.5 -7.5 

Run 6 -4.5 9.5 

Run 7 -3.5 7.5 

Run 8 -2.5 -1.5 

Run 9 -1.5 -9.5 

Run 10 -0.5 0.5 

Run 11 0.5 -0.5 

Run 12 1.5 -8.5 

Run 13 2.5 2.5 

Run 14 3.5 5.5 

Run 15 4.5 1.5 

Run 16 5.5 8.5 

Run 17 6.5 -2.5 

Run 18 7.5 -5.5 

Run 19 8.5 -3.5 

Run 20 9.5 3.5 

Run 4 -4 1 

Run 5 -3 0 

Run 6 -2 -2 

Run 7 -1 -7 

Run 8 0 7 

Run 9 1 -4 

Run 10 2 -1 

Run 11 3 6 

Run 12 4 -3 

Run 13 5 5 

Run 14 6 -5 

Run 15 7 2 
 

Run 4 -4.5 -5.5 

Run 5 -3.5 2.5 

Run 6 -2.5 -3.5 

Run 7 -1.5 0.5 

Run 8 -0.5 -1.5 

Run 9 7.5 -6.5 

Run 10 6.5 7.5 

Run 11 5.5 -4.5 

Run 12 4.5 5.5 

Run 13 3.5 -2.5 

Run 14 2.5 3.5 

Run 15 1.5 -0.5 

Run 16 0.5 1.5 
 

Run 4 -5 -6 

Run 5 -4 3 

Run 6 -3 -4 

Run 7 -2 1 

Run 8 -1 -2 

Run 9 8 -7 

Run 10 7 8 

Run 11 6 -5 

Run 12 5 6 

Run 13 4 -3 

Run 14 3 4 

Run 15 2 -1 

Run 16 1 2 

Run 17 0 0 
 

Run 4 -6 -3 

Run 5 -5 9 

Run 6 -4 7 

Run 7 -3 -2 

Run 8 -2 6 

Run 9 -1 -4 

Run 10 0 4 

Run 11 1 0 

Run 12 2 8 

Run 13 3 -8 

Run 14 4 -7 

Run 15 5 -5 

Run 16 6 1 

Run 17 7 2 

Run 18 8 3 

Run 19 9 -1 
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Number of factors =3 

 

 Factor1 Factor2 Factor3 

Run1 -3 3 2 

Run2 -2 0 -3 

Run3 -1 -2 -1 

Run4 0 -3 1 

Run5 1 -1 3 

Run6 2 1 -2 

Run7 3 2 0 

 

 Factor1 Factor2 Factor3 

Run1 -3.5 -2.5 -1.5 

Run2 -2.5 3.5 -0.5 

Run3 -1.5 0.5 3.5 

Run4 -0.5 -1.5 2.5 

Run5 3.5 2.5 1.5 

Run6 2.5 -3.5 0.5 

Run7 1.5 -0.5 -3.5 

Run8 0.5 1.5 -2.5 

 

 Factor1 Factor2 Factor3 

Run1 -4 -2 0 

Run2 -3 4 2 

Run3 -2 -3 -4 

Run4 -1 3 -2 

Run5 0 -4 4 

Run6 1 2 -1 

Run7 2 0 3 

Run8 3 1 1 

Run9 4 -1 -3 

 

 Factor1 Factor2 Factor3 

Run1 -5 -4 -5 

Run2 -4 2 -1 

Run3 -3 -2 4 

Run4 -2 3 -3 

Run5 -1 4 2 

Run6 0 -5 5 

Run7 1 5 3 

Run8 2 -1 1 

Run9 3 0 0 

Run10 4 1 -4 

Run11 5 -3 -2 

 

 Factor1 Factor2 Factor3 

Run1 -5.5 -5.5 -1.5 

Run2 -4.5 -2.5 -2.5 

Run3 -3.5 4.5 5.5 

Run4 -2.5 0.5 0.5 

Run5 -1.5 2.5 -0.5 

Run6 -0.5 5.5 2.5 

Run7 0.5 1.5 -5.5 

Run8 1.5 -1.5 1.5 

Run9 2.5 -4.5 3.5 

Run10 3.5 -0.5 -4.5 

Run11 4.5 3.5 -3.5 

Run 12 5.5 -3.5 4.5 

 

 Factor1 Factor2 Factor3 

Run 1 -6 -6 -6 

Run 2 -5 1 4 

Run 3 -4 6 -4 

Run 4 -3 2 6 

Run 5 -2 -2 2 

Run 6 -1 3 1 

Run 7 0 4 -2 

Run 8 1 -4 -5 

Run 9 2 -5 5 

Run 10 3 -3 3 

Run 11 4 -1 0 

Run 12 5 5 -1 

Run 13 6 0 -3 

 

 

 Factor1 Factor2 Factor3 

Run 1 -7 4 -7 

Run 2 -6 3 5 

Run 3 -5 -6 -2 

Run 4 -4 1 4 

Run 5 -3 0 -4 

Run 6 -2 -2 3 

Run 7 -1 -7 6 

 Factor1 Factor2 Factor3 

Run 1 -7.5 6.5 4.5 

Run 2 -6.5 -7.5 5.5 

Run 3 -5.5 4.5 -6.5 

Run 4 -4.5 -5.5 -7.5 

Run 5 -3.5 2.5 0.5 

Run 6 -2.5 -3.5 1.5 

Run 7 -1.5 0.5 -2.5 

 Factor1 Factor2 Factor3 

Run 1 -8 7 5 

Run 2 -7 -8 6 

Run 3 -6 5 -7 

Run 4 -5 -6 -8 

Run 5 -4 3 1 

Run 6 -3 -4 2 

Run 7 -2 1 -3 
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Run 8 0 7 -5 

Run 9 1 -4 1 

Run 10 2 -1 0 

Run 11 3 6 2 

Run 12 4 -3 -3 

Run 13 5 5 7 

Run 14 6 -5 -6 

Run 15 -7 4 -7 

 

Run 8 -0.5 -1.5 -3.5 

Run 9 7.5 -6.5 -4.5 

Run 10 6.5 7.5 -5.5 

Run 11 5.5 -4.5 6.5 

Run 12 4.5 5.5 7.5 

Run 13 3.5 -2.5 -0.5 

Run 14 2.5 3.5 -1.5 

Run 15 1.5 -0.5 2.5 

Run 16 0.5 1.5 3.5 

 

Run 8 -1 -2 -4 

Run 9 8 -7 -5 

Run 10 7 8 -6 

Run 11 6 -5 7 

Run 12 5 6 8 

Run 13 4 -3 -1 

Run 14 3 4 -2 

Run 15 2 -1 3 

Run 16 1 2 4 

Run17 0 0 0 
 

 Factor1 Factor2 Factor3 

Run 1 -9 -9 -9 

Run 2 -8 5 5 

Run 3 -7 -6 -5 

Run 4 -6 -3 0 

Run 5 -5 9 6 

Run 6 -4 7 9 

Run 7 -3 -2 3 

Run 8 -2 6 -8 

Run 9 -1 -4 4 

Run 10 0 4 -6 

Run 11 1 0 -2 

Run 12 2 8 -3 

Run 13 3 -8 8 

Run 14 4 -7 2 

Run 15 5 -5 7 

Run 16 6 1 -4 

Run 17 7 2 -7 

Run 18 8 3 -1 

Run 19 9 -1 1 

 

 Factor1 Factor2 Factor3 

Run 1 -9.5 6.5 -9.5 

Run 2 -8.5 -6.5 4.5 

Run 3 -7.5 -4.5 5.5 

Run 4 -6.5 4.5 -1.5 

Run 5 -5.5 -7.5 0.5 

Run 6 -4.5 9.5 -0.5 

Run 7 -3.5 7.5 -4.5 

Run 8 -2.5 -1.5 3.5 

Run 9 -1.5 -9.5 -3.5 

Run 10 -0.5 0.5 7.5 

Run 11 0.5 -0.5 8.5 

Run 12 1.5 -8.5 -5.5 

Run 13 2.5 2.5 -2.5 

Run 14 3.5 5.5 1.5 

Run 15 4.5 1.5 -7.5 

Run 16 5.5 8.5 9.5 

Run 17 6.5 -2.5 -6.5 

Run 18 7.5 -5.5 6.5 

Run 19 8.5 -3.5 -8.5 

Run20 9.5 3.5 2.5 
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Number of factors =4 

 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -3.5 -2.5 -1.5 -0.5 

Run 2 -2.5 3.5 -0.5 1.5 

Run 3 -1.5 0.5 3.5 -2.5 

Run 4 -0.5 -1.5 2.5 3.5 

Run 5 3.5 2.5 1.5 0.5 

Run 6 2.5 -3.5 0.5 -1.5 

Run 7 1.5 -0.5 -3.5 2.5 

Run 8 0.5 1.5 -2.5 -3.5 

 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -4 -2 0 -3 

Run 2 -3 4 2 1 

Run 3 -2 -3 -4 -1 

Run 4 -1 3 -2 3 

Run 5 0 -4 4 4 

Run 6 1 2 -1 0 

Run 7 2 0 3 -2 

Run 8 3 1 1 -4 

Run 9 4 -1 -3 2 
 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -5 -4 -5 -5 

Run 2 -4 2 -1 3 

Run 3 -3 -2 4 5 

Run 4 -2 3 -3 4 

Run 5 -1 4 2 -4 

Run 6 0 -5 5 -2 

Run 7 1 5 3 -3 

Run 8 2 -1 1 1 

Run 9 3 0 0 -1 

Run 10 4 1 -4 0 

Run 11 5 -3 -2 2 

 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -5.5 -5.5 -1.5 -5.5 

Run 2 -4.5 -2.5 -2.5 5.5 

Run 3 -3.5 4.5 5.5 -4.5 

Run 4 -2.5 0.5 0.5 0.5 

Run 5 -1.5 2.5 -0.5 1.5 

Run 6 -0.5 5.5 2.5 3.5 

Run 7 0.5 1.5 -5.5 2.5 

Run 8 1.5 -1.5 1.5 -1.5 

Run 9 2.5 -4.5 3.5 4.5 

Run 10 3.5 -0.5 -4.5 -3.5 

Run 11 4.5 3.5 -3.5 -2.5 

Run 12 5.5 -3.5 4.5 -0.5 
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 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -6 -6 -6 0 

Run 2 -5 1 4 -1 

Run 3 -4 6 -4 5 

Run 4 -3 2 6 -4 

Run 5 -2 -2 2 2 

Run 6 -1 3 1 1 

Run 7 0 4 -2 -6 

Run 8 1 -4 -5 -2 

Run 9 2 -5 5 6 

Run 10 3 -3 3 -5 

Run 11 4 -1 0 4 

Run 12 5 5 -1 3 

Run 13 6 0 -3 -3 

 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -7 4 -7 -6 

Run 2 -6 3 5 3 

Run 3 -5 -6 -2 5 

Run 4 -4 1 4 4 

Run 5 -3 0 -4 -7 

Run 6 -2 -2 3 0 

Run 7 -1 -7 6 -2 

Run 8 0 7 -5 7 

Run 9 1 -4 1 -5 

Run 10 2 -1 0 6 

Run 11 3 6 2 -3 

Run 12 4 -3 -3 -1 

Run 13 5 5 7 -4 

Run 14 6 -5 -6 1 

Run 15 7 2 -1 2 
 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -7.5 6.5 4.5 5.5 

Run 2 -6.5 -7.5 5.5 -4.5 

Run 3 -5.5 4.5 -6.5 -7.5 

Run 4 -4.5 -5.5 -7.5 6.5 

Run 5 -3.5 2.5 0.5 -1.5 

Run 6 -2.5 -3.5 1.5 0.5 

Run 7 -1.5 0.5 -2.5 3.5 

Run 8 -0.5 -1.5 -3.5 -2.5 

Run 9 7.5 -6.5 -4.5 -5.5 

Run 10 6.5 7.5 -5.5 4.5 

Run 11 5.5 -4.5 6.5 7.5 

Run 12 4.5 5.5 7.5 -6.5 

Run 13 3.5 -2.5 -0.5 1.5 

Run 14 2.5 3.5 -1.5 -0.5 

Run 15 1.5 -0.5 2.5 -3.5 

Run 16 0.5 1.5 3.5 2.5 

 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -8 7 5 6 

Run 2 -7 -8 6 -5 

Run 3 -6 5 -7 -8 

Run 4 -5 -6 -8 7 

Run 5 -4 3 1 -2 

Run 6 -3 -4 2 1 

Run 7 -2 1 -3 4 

Run 8 -1 -2 -4 -3 

Run 9 8 -7 -5 -6 

Run 10 7 8 -6 5 

Run 11 6 -5 7 8 

Run 12 5 6 8 -7 

Run 13 4 -3 -1 2 

Run 14 3 4 -2 -1 

Run 15 2 -1 3 -4 

Run 16 1 2 4 3 

Run 17 0 0 0 0 
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 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -9 -9 -9 -8 

Run 2 -8 5 5 4 

Run 3 -7 -6 -5 5 

Run 4 -6 -3 0 -9 

Run 5 -5 9 6 1 

Run 6 -4 7 9 -5 

Run 7 -3 -2 3 3 

Run 8 -2 6 -8 6 

Run 9 -1 -4 4 9 

Run 10 0 4 -6 -2 

Run 11 1 0 -2 -4 

Run 12 2 8 -3 -1 

Run 13 3 -8 8 0 

Run 14 4 -7 2 8 

Run 15 5 -5 7 -3 

Run 16 6 1 -4 7 

Run 17 7 2 -7 2 

Run 18 8 3 -1 -6 

Run 19 9 -1 1 -7 

 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -9.5 6.5 -9.5 -8.5 

Run 2 -8.5 -6.5 4.5 8.5 

Run 3 -7.5 -4.5 5.5 2.5 

Run 4 -6.5 4.5 -1.5 -4.5 

Run 5 -5.5 -7.5 0.5 -7.5 

Run 6 -4.5 9.5 -0.5 5.5 

Run 7 -3.5 7.5 -4.5 4.5 

Run 8 -2.5 -1.5 3.5 -1.5 

Run 9 -1.5 -9.5 -3.5 3.5 

Run 10 -0.5 0.5 7.5 -5.5 

Run 11 0.5 -0.5 8.5 -0.5 

Run 12 1.5 -8.5 -5.5 6.5 

Run 13 2.5 2.5 -2.5 -6.5 

Run 14 3.5 5.5 1.5 1.5 

Run 15 4.5 1.5 -7.5 0.5 

Run 16 5.5 8.5 9.5 7.5 

Run 17 6.5 -2.5 -6.5 9.5 

Run 18 7.5 -5.5 6.5 -9.5 

Run 19 8.5 -3.5 -8.5 -3.5 

Run 20 9.5 3.5 2.5 -2.5 
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Number of factors =5 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Run 1 -4 -2 0 -3 3 

Run 2 -3 4 2 1 -2 

Run 3 -2 -3 -4 -1 -3 

Run 4 -1 3 -2 3 4 

Run 5 0 -4 4 4 0 

Run 6 1 2 -1 0 -4 

Run 7 2 0 3 -2 -1 

Run 8 3 1 1 -4 2 

Run 9 4 -1 -3 2 1 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Run 1 -5 -4 -5 -5 -3 

Run 2 -4 2 -1 3 4 

Run 3 -3 -2 4 5 -4 

Run 4 -2 3 -3 4 1 

Run 5 -1 4 2 -4 3 

Run 6 0 -5 5 -2 5 

Run 7 1 5 3 -3 -5 

Run 8 2 -1 1 1 -2 

Run 9 3 0 0 -1 0 

Run 10 4 1 -4 0 2 

Run 11 5 -3 -2 2 -1 
 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Run 1 -5.5 -5.5 -1.5 -5.5 -3.5 

Run 2 -4.5 -2.5 -2.5 5.5 4.5 

Run 3 -3.5 4.5 5.5 -4.5 -0.5 

Run 4 -2.5 0.5 0.5 0.5 0.5 

Run 5 -1.5 2.5 -0.5 1.5 5.5 

Run 6 -0.5 5.5 2.5 3.5 -2.5 

Run 7 0.5 1.5 -5.5 2.5 -5.5 

Run 8 1.5 -1.5 1.5 -1.5 1.5 

Run 9 2.5 -4.5 3.5 4.5 -4.5 

Run 10 3.5 -0.5 -4.5 -3.5 3.5 

Run 11 4.5 3.5 -3.5 -2.5 -1.5 

Run 12 5.5 -3.5 4.5 -0.5 2.5 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Run 1 -6 -6 -6 0 -5 

Run 2 -5 1 4 -1 6 

Run 3 -4 6 -4 5 5 

Run 4 -3 2 6 -4 -6 

Run 5 -2 -2 2 2 -2 

Run 6 -1 3 1 1 -3 

Run 7 0 4 -2 -6 1 

Run 8 1 -4 -5 -2 3 

Run 9 2 -5 5 6 2 

Run 10 3 -3 3 -5 4 

Run 11 4 -1 0 4 -1 

Run 12 5 5 -1 3 -4 

Run 13 6 0 -3 -3 0 
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 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Run 1 -7 4 -7 -6 -2 

Run 2 -6 3 5 3 5 

Run 3 -5 -6 -2 5 6 

Run 4 -4 1 4 4 -5 

Run 5 -3 0 -4 -7 0 

Run 6 -2 -2 3 0 -4 

Run 7 -1 -7 6 -2 -3 

Run 8 0 7 -5 7 3 

Run 9 1 -4 1 -5 4 

Run 10 2 -1 0 6 -6 

Run 11 3 6 2 -3 -7 

Run 12 4 -3 -3 -1 2 

Run 13 5 5 7 -4 7 

Run 14 6 -5 -6 1 -1 

Run 15 7 2 -1 2 1 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Run 1 -7.5 6.5 4.5 5.5 0.5 

Run 2 -6.5 -7.5 5.5 -4.5 1.5 

Run 3 -5.5 4.5 -6.5 -7.5 2.5 

Run 4 -4.5 -5.5 -7.5 6.5 3.5 

Run 5 -3.5 2.5 0.5 -1.5 -4.5 

Run 6 -2.5 -3.5 1.5 0.5 -5.5 

Run 7 -1.5 0.5 -2.5 3.5 -6.5 

Run 8 -0.5 -1.5 -3.5 -2.5 -7.5 

Run 9 7.5 -6.5 -4.5 -5.5 -0.5 

Run 10 6.5 7.5 -5.5 4.5 -1.5 

Run 11 5.5 -4.5 6.5 7.5 -2.5 

Run 12 4.5 5.5 7.5 -6.5 -3.5 

Run 13 3.5 -2.5 -0.5 1.5 4.5 

Run 14 2.5 3.5 -1.5 -0.5 5.5 

Run 15 1.5 -0.5 2.5 -3.5 6.5 

Run 16 0.5 1.5 3.5 2.5 7.5 
 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Run 1 -8 7 5 6 1 

Run 2 -7 -8 6 -5 2 

Run 3 -6 5 -7 -8 3 

Run 4 -5 -6 -8 7 4 

Run 5 -4 3 1 -2 -5 

Run 6 -3 -4 2 1 -6 

Run 7 -2 1 -3 4 -7 

Run 8 -1 -2 -4 -3 -8 

Run 9 8 -7 -5 -6 -1 

Run 10 7 8 -6 5 -2 

Run 11 6 -5 7 8 -3 

Run 12 5 6 8 -7 -4 

Run 13 4 -3 -1 2 5 

Run 14 3 4 -2 -1 6 

Run 15 2 -1 3 -4 7 

Run 16 1 2 4 3 8 

Run 17 0 0 0 0 0 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Run 1 -9 -9 -9 -8 2 

Run 2 -8 5 5 4 -8 

Run 3 -7 -6 -5 5 0 

Run 4 -6 -3 0 -9 -4 

Run 5 -5 9 6 1 7 

Run 6 -4 7 9 -5 -2 

Run 7 -3 -2 3 3 -9 

Run 8 -2 6 -8 6 6 

Run 9 -1 -4 4 9 5 

Run 10 0 4 -6 -2 9 

Run 11 1 0 -2 -4 -5 

Run 12 2 8 -3 -1 3 

Run 13 3 -8 8 0 4 

Run 14 4 -7 2 8 -1 

Run 15 5 -5 7 -3 8 

Run 16 6 1 -4 7 -7 

Run 17 7 2 -7 2 -3 

Run 18 8 3 -1 -6 -6 

Run 19 9 -1 1 -7 1 
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 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Run 1 -9.5 6.5 -9.5 -8.5 -9.5 

Run 2 -8.5 -6.5 4.5 8.5 -5.5 

Run 3 -7.5 -4.5 5.5 2.5 5.5 

Run 4 -6.5 4.5 -1.5 -4.5 7.5 

Run 5 -5.5 -7.5 0.5 -7.5 -6.5 

Run 6 -4.5 9.5 -0.5 5.5 6.5 

Run 7 -3.5 7.5 -4.5 4.5 -3.5 

Run 8 -2.5 -1.5 3.5 -1.5 0.5 

Run 9 -1.5 -9.5 -3.5 3.5 3.5 

Run 10 -0.5 0.5 7.5 -5.5 -1.5 

Run 11 0.5 -0.5 8.5 -0.5 -0.5 

Run 12 1.5 -8.5 -5.5 6.5 4.5 

Run 13 2.5 2.5 -2.5 -6.5 1.5 

Run 14 3.5 5.5 1.5 1.5 9.5 

Run 15 4.5 1.5 -7.5 0.5 8.5 

Run 16 5.5 8.5 9.5 7.5 -7.5 

Run 17 6.5 -2.5 -6.5 9.5 -8.5 

Run 18 7.5 -5.5 6.5 -9.5 2.5 

Run 19 8.5 -3.5 -8.5 -3.5 -2.5 

Run 20 9.5 3.5 2.5 -2.5 -4.5 
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Number of factors =6 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Run 1 -5 -4 -5 -5 -3 0 

Run 2 -4 2 -1 3 4 5 

Run 3 -3 -2 4 5 -4 -2 

Run 4 -2 3 -3 4 1 -4 

Run 5 -1 4 2 -4 3 2 

Run 6 0 -5 5 -2 5 -3 

Run 7 1 5 3 -3 -5 -1 

Run 8 2 -1 1 1 -2 3 

Run 9 3 0 0 -1 0 1 

Run 10 4 1 -4 0 2 -5 

Run 11 5 -3 -2 2 -1 4 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Run 1 -5.5 -5.5 -1.5 -5.5 -3.5 -3.5 

Run 2 -4.5 -2.5 -2.5 5.5 4.5 0.5 

Run 3 -3.5 4.5 5.5 -4.5 -0.5 1.5 

Run 4 -2.5 0.5 0.5 0.5 0.5 5.5 

Run 5 -1.5 2.5 -0.5 1.5 5.5 -4.5 

Run 6 -0.5 5.5 2.5 3.5 -2.5 -1.5 

Run 7 0.5 1.5 -5.5 2.5 -5.5 -2.5 

Run 8 1.5 -1.5 1.5 -1.5 1.5 2.5 

Run 9 2.5 -4.5 3.5 4.5 -4.5 3.5 

Run 10 3.5 -0.5 -4.5 -3.5 3.5 4.5 

Run 11 4.5 3.5 -3.5 -2.5 -1.5 -0.5 

Run 12 5.5 -3.5 4.5 -0.5 2.5 -5.5 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Run 1 -6 -6 -6 0 -5 -1 

Run 2 -5 1 4 -1 6 5 

Run 3 -4 6 -4 5 5 -2 

Run 4 -3 2 6 -4 -6 2 

Run 5 -2 -2 2 2 -2 -4 

Run 6 -1 3 1 1 -3 3 

Run 7 0 4 -2 -6 1 -5 

Run 8 1 -4 -5 -2 3 4 

Run 9 2 -5 5 6 2 1 

Run 10 3 -3 3 -5 4 -6 

Run 11 4 -1 0 4 -1 -3 

Run 12 5 5 -1 3 -4 0 

Run 13 6 0 -3 -3 0 6 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Run 1 -7 4 -7 -6 -2 -5 

Run 2 -6 3 5 3 5 2 

Run 3 -5 -6 -2 5 6 -3 

Run 4 -4 1 4 4 -5 -2 

Run 5 -3 0 -4 -7 0 3 

Run 6 -2 -2 3 0 -4 -7 

Run 7 -1 -7 6 -2 -3 5 

Run 8 0 7 -5 7 3 7 

Run 9 1 -4 1 -5 4 6 

Run 10 2 -1 0 6 -6 1 

Run 11 3 6 2 -3 -7 4 

Run 12 4 -3 -3 -1 2 -1 

Run 13 5 5 7 -4 7 -4 

Run 14 6 -5 -6 1 -1 0 

Run 15 7 2 -1 2 1 -6 
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 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Run 1 -7.5 6.5 4.5 5.5 0.5 -3.5 

Run 2 -6.5 -7.5 5.5 -4.5 1.5 2.5 

Run 3 -5.5 4.5 -6.5 -7.5 2.5 -1.5 

Run 4 -4.5 -5.5 -7.5 6.5 3.5 0.5 

Run 5 -3.5 2.5 0.5 -1.5 -4.5 7.5 

Run 6 -2.5 -3.5 1.5 0.5 -5.5 -6.5 

Run 7 -1.5 0.5 -2.5 3.5 -6.5 5.5 

Run 8 -0.5 -1.5 -3.5 -2.5 -7.5 -4.5 

Run 9 7.5 -6.5 -4.5 -5.5 -0.5 3.5 

Run 10 6.5 7.5 -5.5 4.5 -1.5 -2.5 

Run 11 5.5 -4.5 6.5 7.5 -2.5 1.5 

Run 12 4.5 5.5 7.5 -6.5 -3.5 -0.5 

Run 13 3.5 -2.5 -0.5 1.5 4.5 -7.5 

Run 14 2.5 3.5 -1.5 -0.5 5.5 6.5 

Run 15 1.5 -0.5 2.5 -3.5 6.5 -5.5 

Run 16 0.5 1.5 3.5 2.5 7.5 4.5 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Run 1 -8 7 5 6 1 -4 

Run 2 -7 -8 6 -5 2 3 

Run 3 -6 5 -7 -8 3 -2 

Run 4 -5 -6 -8 7 4 1 

Run 5 -4 3 1 -2 -5 8 

Run 6 -3 -4 2 1 -6 -7 

Run 7 -2 1 -3 4 -7 6 

Run 8 -1 -2 -4 -3 -8 -5 

Run 9 8 -7 -5 -6 -1 4 

Run 10 7 8 -6 5 -2 -3 

Run 11 6 -5 7 8 -3 2 

Run 12 5 6 8 -7 -4 -1 

Run 13 4 -3 -1 2 5 -8 

Run 14 3 4 -2 -1 6 7 

Run 15 2 -1 3 -4 7 -6 

Run 16 1 2 4 3 8 5 

Run 17 0 0 0 0 0 0 
 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Run 1 -9 -9 -9 -8 2 7 

Run 2 -8 5 5 4 -8 9 

Run 3 -7 -6 -5 5 0 -5 

Run 4 -6 -3 0 -9 -4 -2 

Run 5 -5 9 6 1 7 4 

Run 6 -4 7 9 -5 -2 -6 

Run 7 -3 -2 3 3 -9 -7 

Run 8 -2 6 -8 6 6 -3 

Run 9 -1 -4 4 9 5 2 

Run 10 0 4 -6 -2 9 -8 

Run 11 1 0 -2 -4 -5 -1 

Run 12 2 8 -3 -1 3 1 

Run 13 3 -8 8 0 4 3 

Run 14 4 -7 2 8 -1 -9 

Run 15 5 -5 7 -3 8 5 

Run 16 6 1 -4 7 -7 6 

Run 17 7 2 -7 2 -3 8 

Run 18 8 3 -1 -6 -6 -4 

Run 19 9 -1 1 -7 1 0 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Run 1 -9.5 6.5 -9.5 -8.5 -9.5 3.5 

Run 2 -8.5 -6.5 4.5 8.5 -5.5 -1.5 

Run 3 -7.5 -4.5 5.5 2.5 5.5 4.5 

Run 4 -6.5 4.5 -1.5 -4.5 7.5 1.5 

Run 5 -5.5 -7.5 0.5 -7.5 -6.5 -7.5 

Run 6 -4.5 9.5 -0.5 5.5 6.5 -4.5 

Run 7 -3.5 7.5 -4.5 4.5 -3.5 2.5 

Run 8 -2.5 -1.5 3.5 -1.5 0.5 8.5 

Run 9 -1.5 -9.5 -3.5 3.5 3.5 7.5 

Run 10 -0.5 0.5 7.5 -5.5 -1.5 -6.5 

Run 11 0.5 -0.5 8.5 -0.5 -0.5 -2.5 

Run 12 1.5 -8.5 -5.5 6.5 4.5 -8.5 

Run 13 2.5 2.5 -2.5 -6.5 1.5 -3.5 

Run 14 3.5 5.5 1.5 1.5 9.5 -0.5 

Run 15 4.5 1.5 -7.5 0.5 8.5 0.5 

Run 16 5.5 8.5 9.5 7.5 -7.5 -5.5 

Run 17 6.5 -2.5 -6.5 9.5 -8.5 6.5 

Run 18 7.5 -5.5 6.5 -9.5 2.5 5.5 

Run 19 8.5 -3.5 -8.5 -3.5 -2.5 -9.5 

Run 20 9.5 3.5 2.5 -2.5 -4.5 9.5 
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Appendix II: Catalogue of Orthogonal Latin hypercube Designs of 2nd order with m (≤ 6) factors and n (≤ 20) runs 

Number of factors =2 

 

 

 Factor 1 Factor 2 

Run 1 -1 0.5 

Run 2 -0.5 -1 

Run 3 0.5 1 

Run 4 1 -0.5 

 

 Factor 1 Factor 2 

Run 1 -2 1 

Run 2 -1 -2 

Run 3 1 2 

Run 4 2 -1 

Run 5 0 0 

 

 Factor 1 Factor 2 

Run 1 -3 -2 

Run 2 -2 3 

Run 3 -1 0 

Run 4 0 -1 

Run 5 3 2 

Run 6 2 -3 

Run 7 1 0 

Run 8 0 1 

 

 Factor 1 Factor 2 

Run 1 -4 -3 

Run 2 -3 4 

Run 3 -2 1 

Run 4 -1 -2 

Run 5 4 3 

Run 6 3 -4 

Run 7 2 -1 

Run 8 1 2 

Run 9 0 0 
 

 Factor 1 Factor 2 

Run 1 -7 -7 

Run 2 -6 6 

Run 3 -5 5 

Run 4 -4 -4 

Run 5 -3 3 

Run 6 -2 -2 

Run 7 -1 -1 

Run 8 0 0 

Run 9 1 1 

Run 10 2 2 

Run 11 3 -3 

Run 12 4 4 

Run 13 5 -5 

Run 14 6 -6 

Run 15 7 7 

 

 Factor 1 Factor 2 

Run 1 -7 -6 

Run 2 -6 7 

Run 3 -5 4 

Run 4 -4 -5 

Run 5 7 6 

Run 6 6 -7 

Run 7 5 -4 

Run 8 4 5 

Run 9 -3 -2 

Run 10 -2 3 

Run 11 -1 0 

Run 12 0 -1 

Run 13 3 2 

Run 14 2 -3 

Run 15 1 0 

Run 16 0 1 

 

 Factor 1 Factor 2 

Run 1 -8 -7 

Run 2 -7 8 

Run 3 -6 5 

Run 4 -5 -6 

Run 5 8 7 

Run 6 7 -8 

Run 7 6 -5 

Run 8 5 6 

Run 9 -4 -3 

Run 10 -3 4 

Run 11 -2 1 

Run 12 -1 -2 

Run 13 4 3 

Run 14 3 -4 

Run 15 2 -1 

Run 16 1 2 

Run 17 0 0 
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Number of factors =3 

 

 Factor 1 Factor 2 Factor 3 

Run 1 -3 -2 -1 

Run 2 -2 3 0 

Run 3 -1 0 3 

Run 4 0 -1 2 

Run 5 3 2 1 

Run 6 2 -3 0 

Run 7 1 0 -3 

Run 8 0 1 -2 

 

 Factor 1 Factor 2 Factor 3 

Run 1 -4 -3 -2 

Run 2 -3 4 -1 

Run 3 -2 1 4 

Run 4 -1 -2 3 

Run 5 4 3 2 

Run 6 3 -4 1 

Run 7 2 -1 -4 

Run 8 1 2 -3 

Run 9 0 0 0 

 

 Factor 1 Factor 2 Factor 3 

Run 1 -7 -7 -1 

Run 2 -6 6 -4 

Run 3 -5 5 6 

Run 4 -4 -4 5 

Run 5 -3 3 -2 

Run 6 -2 -2 -3 

Run 7 -1 -1 -7 

Run 8 0 0 0 

Run 9 1 1 7 

Run 10 2 2 3 

Run 11 3 -3 2 

Run 12 4 4 -5 

Run 13 5 -5 -6 

Run 14 6 -6 4 

Run 15 7 7 1 
 

 Factor 1 Factor 2 Factor 3 

Run 1 -7 -6 -5 

Run 2 -6 7 -4 

Run 3 -5 4 7 

Run 4 -4 -5 6 

Run 5 7 6 5 

Run 6 6 -7 4 

Run 7 5 -4 -7 

Run 8 4 5 -6 

Run 9 -3 -2 -1 

Run 10 -2 3 0 

Run 11 -1 0 3 

Run 12 0 -1 2 

Run 13 3 2 1 

Run 14 2 -3 0 

Run 15 1 0 -3 

Run 16 0 1 -2 

 

 Factor 1 Factor 2 Factor 3 

Run 1 -8 -7 -6 

Run 2 -7 8 -5 

Run 3 -6 5 8 

Run 4 -5 -6 7 

Run 5 8 7 6 

Run 6 7 -8 5 

Run 7 6 -5 -8 

Run 8 5 6 -7 

Run 9 -4 -3 -2 

Run 10 -3 4 -1 

Run 11 -2 1 4 

Run 12 -1 -2 3 

Run 13 4 3 2 

Run 14 3 -4 1 

Run 15 2 -1 -4 

Run 16 1 2 -3 

Run 17 0 0 0 
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Number of factors =4 

 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -3 -2 -1 0 

Run 2 -2 3 0 1 

Run 3 -1 0 3 -2 

Run 4 0 -1 2 3 

Run 5 3 2 1 0 

Run 6 2 -3 0 -1 

Run 7 1 0 -3 2 

Run 8 0 1 -2 -3 

 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -4 -3 -2 -1 

Run 2 -3 4 -1 2 

Run 3 -2 1 4 -3 

Run 4 -1 -2 3 4 

Run 5 4 3 2 1 

Run 6 3 -4 1 -2 

Run 7 2 -1 -4 3 

Run 8 1 2 -3 -4 

Run 9 0 0 0 0 
 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -7 -7 -1 -3 

Run 2 -6 6 -4 -4 

Run 3 -5 5 6 6 

Run 4 -4 -4 5 1 

Run 5 -3 3 -2 -2 

Run 6 -2 -2 -3 5 

Run 7 -1 -1 -7 7 

Run 8 0 0 0 0 

Run 9 1 1 7 -7 

Run 10 2 2 3 -5 

Run 11 3 -3 2 2 

Run 12 4 4 -5 -1 

Run 13 5 -5 -6 -6 

Run 14 6 -6 4 4 

Run 15 7 7 1 3 

 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -7 -6 -5 -4 

Run 2 -6 7 -4 5 

Run 3 -5 4 7 -6 

Run 4 -4 -5 6 7 

Run 5 7 6 5 4 

Run 6 6 -7 4 -5 

Run 7 5 -4 -7 6 

Run 8 4 5 -6 -7 

Run 9 -3 -2 -1 0 

Run 10 -2 3 0 1 

Run 11 -1 0 3 -2 

Run 12 0 -1 2 3 

Run 13 3 2 1 0 

Run 14 2 -3 0 -1 

Run 15 1 0 -3 2 

Run 16 0 1 -2 -3 
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 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -8 -7 -6 -5 

Run 2 -7 8 -5 6 

Run 3 -6 5 8 -7 

Run 4 -5 -6 7 8 

Run 5 8 7 6 5 

Run 6 7 -8 5 -6 

Run 7 6 -5 -8 7 

Run 8 5 6 -7 -8 

Run 9 -4 -3 -2 -1 

Run 10 -3 4 -1 2 

Run 11 -2 1 4 -3 

Run 12 -1 -2 3 4 

Run 13 4 3 2 1 

Run 14 3 -4 1 -2 

Run 15 2 -1 -4 3 

Run 16 1 2 -3 -4 

Run 17 0 0 0 0 
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Appendix III: Catalogue of Orthogonal Latin hypercube Designs of SFD with m (≤ 6) factors and n (≤ 20) runs 

Number of factors =2 

 

 

 Factor1 Factor2 

Run1 -1 1 

Run2 0 -1 

Run3 1 0 

 

 Factor1 Factor2 

Run1 -1.5 -0.5 

Run2 1.5 0.5 

Run3 0.5 -1.5 

Run4 -0.5 1.5 

 

 Factor1 Factor2 

Run1 -2 2 

Run2 -1 0 

Run3 0 -2 

Run4 1 1 

Run5 2 -1 

 

 Factor1 Factor2 

Run1 -3 3 

Run2 -2 1 

Run3 -1 -1 

Run4 0 -3 

Run5 1 2 

Run6 2 0 

Run7 3 -2 
 

 Factor1 Factor2 

Run1 -3.5 -2.5 

Run2 -0.5 -1.5 

Run3 0.5 1.5 

Run4 3.5 2.5 

Run5 -1.5 -3.5 

Run6 -2.5 0.5 

Run7 2.5 -0.5 

Run8 1.5 3.5 

 

 Factor1 Factor2 

Run1 -4 4 

Run2 -3 2 

Run3 -2 0 

Run4 -1 -2 

Run5 0 -4 

Run6 1 3 

Run7 2 1 

Run8 3 -1 

Run9 4 -3 

 

 Factor1 Factor2 

Run1 -5 5 

Run2 -4 3 

Run3 -3 1 

Run4 -2 -1 

Run5 -1 -3 

Run6 0 -5 

Run7 1 4 

Run8 2 2 

Run9 3 0 

Run10 4 -2 

Run11 5 -4 

Runs Factor1 Factor2 

Run1 -11 -9 

Run2 -9 11 

Run3 -7 -5 

Run4 -5 7 

Run5 -3 -1 

Run6 -1 3 

Run7 1 -3 

Run8 3 1 

Run9 5 -7 

Run10 7 9 

Run11 9 -11 

Run12 11 9 
 

 

 

  



54 
 

 

Runs Factor1 Factor2 

Run1 -6 6 

Run2 -5 4 

Run3 -4 2 

Run4 -3 0 

Run5 -2 -2 

Run6 -1 -4 

Run7 0 -6 

Run8 1 5 

Run9 2 3 

Run10 3 1 

Run11 4 -1 

Run12 5 -3 

Run13 6 -5 

 

Runs Factor1 Factor2 

Run1 -7 7 

Run2 -6 5 

Run3 -5 3 

Run4 -4 1 

Run5 -3 -1 

Run6 -2 -3 

Run7 -1 -5 

Run8 0 -7 

Run9 1 6 

Run10 2 4 

Run11 3 2 

Run12 4 0 

Run13 5 -2 

Run14 6 -4 

Run15 7 -6 

 

Runs Factor1 Factor2 

Run1 -1 0 

Run2 7 2 

Run3 6 -2 

Run4 3 1 

Run5 -2 -4 

Run6 8 6 

Run7 -4 3 

Run8 -5 8 

Run9 4 7 

Run10 0 5 

Run11 1 -7 

Run12 -6 -1 

Run13 -7 -5 

Run14 5 -6 

Run15 -3 -8 

Run16 2 -3 

Run17 -8 4 

 

Runs Factor1 Factor2 

Run1 -9 9 

Run2 -8 7 

Run3 -7 5 

Run4 -6 3 

Run5 -5 1 

Run6 -4 -1 

Run7 -3 -3 

Run8 -2 -5 

Run9 -1 -9 

Run10 0 -5 

Run11 1 8 

Run12 2 6 

Run13 3 4 

Run14 4 2 

Run15 5 0 

Run16 6 -2 

Run17 7 -4 

Run18 8 -6 

Run19 9 -8 
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Runs Factor1 Factor2 

Run1 -9.5 -8.5 

Run2 -6.5 -7.5 

Run3 -5.5 -4.5 

Run4 -2.5 -3.5 

Run5 -1.5 -0.5 

Run6 1.5 0.5 

Run7 2.5 3.5 

Run8 5.5 4.5 

Run9 6.5 7.5 

Run10 9.5 8.5 

Run11 -7.5 -9.5 

Run12 -8.5 -5.5 

Run13 -3.5 -6.5 

Run14 -4.5 -1.5 

Run15 0.5 -2.5 

Run16 -0.5 2.5 

Run17 4.5 1.5 

Run18 3.5 6.5 

Run19 8.5 5.5 

Run20 7.5 9.5 
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Number of factors =3 

 
 

Runs Factor1 Factor2 Factor3 

Run1 2 3 2 

Run2 -2 1 3 

Run3 1 2 -2 

Run4 3 -1 0 

Run5 0 -2 -3 

Run6 -1 -3 1 

Run7 -3 0 -1 

 

Runs Factor1 Factor2 Factor3 

Run1 3.5 0.5 0.5 

Run2 -2.5 -2.5 3.5 

Run3 -3.5 -0.5 -0.5 

Run4 -1.5 3.5 -1.5 

Run5 1.5 -3.5 1.5 

Run -0.5 1.5 2.5 

Run7 0.5 -1.5 -2.5 

Run8 2.5 2.5 -3.5 

 

Runs Factor1 Factor2 Factor3 

Run1 2 1 -4 

Run2 0 -3 -3 

Run3 4 -2 0 

Run4 -1 4 -1 

Run5 -2 -4 1 

Run6 3 3 2 

Run7 1 -1 4 

Run8 -4 0 -2 

Run9 -3 2 3 
 

Runs Factor1 Factor2 Factor3 

Run1 2 -4 -4 

Run2 4 4 -2 

Run3 -1 2 -5 

Run4 -5 1 3 

Run5 -4 -3 -3 

Run6 -2 -5 2 

Run7 0 0 0 

Run8 5 -1 1 

Run9 3 3 4 

Run10 1 -2 5 

Run11 -3 -5 -1 

Runs Factor1 Factor2 Factor3 

Run 1 -11 3 -3 

Run 2 9 -5 -9 

Run 3 3 -9 7 

Run 4 11 -3 3 

Run 5 -3 7 -11 

Run 6 -7 1 11 

Run 7 7 9 -5 

Run 8 -1 -11 -7 

Run 9 1 -1 -1 

Run 10 -9 -7 1 

Run 11 5 5 9 

Run 12 -5 11 5 
 

 

Runs Factor1 Factor2 Factor3 

Run1 4 3 -6 

Run2 1 2 5 

Run3 5 -3 6 

Run4 -6 -4 -2 

Run5 -5 -1 4 

Run6 -4 5 3 

Run7 -2 0 -1 

Run8 0 -5 2 

Run9 6 1 1 

Run10 2 6 0 

Run11 -3 4 -5 

Run12 3 -2 -3 

Run13 -1 -6 -4 

 

 

 

 

 



57 
 

 

Runs Factor1 Factor2 Factor3 

Run1 7 5 3 

Run2 1 -6 6 

Run3 5 -7 -3 

Run4 6 -2 2 

Run5 -4 7 -1 

Run6 2 1 7 

Run7 -7 0 -2 

Run8 -6 -3 4 

Run9 4 6 -4 

Run10 -2 3 -7 

Run11 0 2 1 

Run12 3 -1 -5 

Run13 -1 -5 0 

Run14 -5 4 5 

Run15 -3 -4 -6 

 

Runs Factor1 Factor2 Factor3 

Run1 -7.5 -5.5 -2.5 

Run2 -0.5 0.5 1.5 

Run3 7.5 3.5 0.5 

Run4 -2.5 7.5 2.5 

Run5 6.5 -3.5 -0.5 

Run6 -6.5 1.5 -1.5 

Run7 -4.5 -4.5 4.5 

Run8 4.5 -0.5 -6.5 

Run9 -5.5 2.5 5.5 

Run10 1.5 -7.5 3.5 

Run11 5.5 6.5 -5.5 

Run12 2.5 4.5 6.5 

Run13 0.5 -6.5 -3.5 

Run14 -3.5 -1.5 -7.5 

Run15 -1.5 5.5 -4.5 

Run16 3.5 -2.5 7.5 
 

Runs Factor1 Factor2 Factor3 

Run1 -1 0 3 

Run2 -2 -7 2 

Run3 5 -2 -1 

Run4 4 -5 5 

Run5 -5 1 -4 

Run6 6 -1 -8 

Run7 -3 -4 8 

Run8 -6 8 -2 

Run9 7 3 4 

Run10 0 6 7 

Run11 3 -8 -6 

Run12 -7 2 6 

Run13 -4 -6 -5 

Run14 1 5 -7 

Run15 -8 -3 1 

Run16 2 7 0 

Run17 8 4 -3 

 

Runs Factor1 Factor2 Factor3 

Run1 0 5 5 

Run2 8 -3 -5 

Run3 -6 4 -9 

Run4 -1 -6 -8 

Run5 -5 -7 4 

Run6 3 0 0 

Run7 -7 8 6 

Run8 2 -8 -1 

Run9 5 9 1 

Run10 9 -4 3 

Run11 7 3 7 

Run12 4 -5 9 

Run13 1 1 -7 

Run14 -4 -2 -2 

Run15 -9 2 2 

Run16 -8 -9 -4 

Run17 -3 -1 8 

Run18 -2 7 -3 

Run19 6 6 -6 
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Runs Factor1 Factor2 Factor3 

Run1 -2.5 9.5 -5.5 

Run2 9.5 -8.5 -4.5 

Run3 2.5 -7.5 0.5 

Run4 7.5 -1.5 1.5 

Run5 4.5 4.5 -8.5 

Run6 1.5 0.5 6.5 

Run7 -3.5 -5.5 5.5 

Run8 6.5 6.5 -0.5 

Run9 -1.5 -9.5 -7.5 

Run10 -6.5 -2.5 -9.5 

Run11 0.5 1.5 -1.5 

Run12 5.5 -6.5 7.5 

Run13 -9.5 -0.5 3.5 

Run14 -5.5 3.5 9.5 

Run15 -8.5 7.5 2.5 

Run16 8.5 5.5 8.5 

Run17 -7.5 2.5 -3.5 

Run18 -0.5 8.5 4.5 

Run19 3.5 -3.5 -6.5 

Run20 -4.5 -4.5 -2.5 
 

 

Number of factors =4 

 

Runs Factor1 Factor2 Factor3 Factor4 

Run1 -2.5 -3.5 -1.5 -0.5 

Run2 1.5 0.5 -2.5 -3.5 

Run3 0.5 -1.5 3.5 -2.5 

Run4 2.5 3.5 1.5 0.5 

Run5 -0.5 1.5 -3.5 2.5 

Run6 -3.5 2.5 0.5 -1.5 

Run7 -1.5 -0.5 2.5 3.5 

Run8 3.5 -2.5 -0.5 1.5 

 

Runs Factor1 Factor2 Factor3 Factor4 

Run1 2 4 2 -2 

Run2 4 0 0 3 

Run3 0 -4 -3 1 

Run4 -1 1 3 4 

Run5 -4 3 -2 2 

Run6 -3 -1 -1 -4 

Run7 -2 -3 4 0 

Run8 1 2 -4 -1 

Run9 3 -2 1 -3 
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Runs Factor1 Factor2 Factor3 Factor4 

Run1 -1 0.2 0.2 -0.4 

Run2 -0.8 0 -0.6 1 

Run3 -0.2 0.8 0.4 0.6 

Run4 0.6 0.6 -0.8 0.8 

Run5 -0.4 -0.6 1 0.4 

Run6 0 1 -0.2 -0.8 

Run6 0.4 -0.2 -1 -0.6 

Run8 0.8 -0.8 0 0.2 

Run9 0.2 -0.4 0.6 -1 

Run10 -0.6 -1 -0.4 -0.2 

Run11 1 0.4 0.8 0 

Runs Factor1 Factor2 Factor3 Factor4 

Run 1 -7 -1 11 7 

Run2 -3 -9 -5 9 

Run 3 -9 -5 -1 -11 

Run 4 1 -11 7 -3 

Run 5 -11 1 -9 1 

Run 6 -1 5 -3 11 

Run 7 5 11 9 3 

Run 8 11 -3 3 5 

Run 9 9 3 5 -9 

Run 10 7 7 -7 -1 

Run 11 3 -7 -11 -7 

Run 12 -5 9 1 -5 
 

 

Runs Factor1 Factor2 Factor3 Factor4 

Run1 -2 -1 -6 -2 

Run2 6 0 4 0 

Run3 5 -5 -5 1 

Run4 3 2 -1 5 

Run5 -3 6 -4 2 

Run6 -1 1 6 3 

Run7 1 -3 1 -6 

Run8 -4 -2 -2 6 

Run9 2 -6 2 4 

Run10 -5 -4 3 -1 

Run11 0 5 5 -4 

Run12 -6 3 0 -5 

Run13 4 4 -3 -3 

 

Runs Factor1 Factor2 Factor3 Factor4 

Run1 0 -7 5 -2 

Run2 4 5 -3 -3 

Run3 6 1 -5 5 

Run4 -3 0 6 6 

Run5 1 2 7 -4 

Run6 3 6 3 4 

Run7 5 -2 4 3 

Run8 7 -4 2 -5 

Run9 2 -6 -4 -1 

Run10 -5 7 0 -7 

Run11 -4 -1 -6 -6 

Run12 -7 -5 -1 0 

Run13 -1 -3 -2 7 

Run14 -6 4 1 1 

Run15 -2 3 -7 2 
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Runs Factor1 Factor2 Factor3 Factor4 

Run1 1.5 5.5 -5.5 -3.5 

Run2 3.5 6.5 3.5 -5.5 

Run3 -6.5 7.5 1.5 0.5 

Run4 0.5 -5.5 6.5 1.5 

Run5 6.5 -3.5 2.5 -4.5 

Run6 -7.5 -1.5 4.5 5.5 

Run7 4.5 -4.5 -1.5 6.5 

Run8 -2.5 2.5 -4.5 7.5 

Run9 -3.5 -7.5 -3.5 3.5 

Run10 -4.5 -0.5 -7.5 -1.5 

Run11 2.5 3.5 7.5 4.5 

Run12 -5.5 1.5 5.5 -7.5 

Run13 5.5 -2.5 -6.5 -2.5 

Run14 7.5 4.5 -0.5 2.5 

Run15 -0.5 0.5 0.5 -0.5 

Run16 -1.5 -6.5 -2.5 -6.5 
 

 

Runs Factor1 Factor2 Factor3 Factor4 

Run1 -4 7 -6 2 

Run2 -3 4 -4 -8 

Run3 7 3 2 8 

Run4 -5 -4 -7 6 

Run5 -2 -3 8 5 

Run6 -6 1 5 -3 

Run7 8 -2 7 0 

Run8 0 0 -1 1 

Run9 -8 2 1 7 

Run10 -1 8 3 3 

Run11 4 -8 0 4 

Run12 2 -5 -8 -2 

Run13 6 6 -5 -1 

Run14 -7 -6 -3 -4 

Run15 5 -1 -2 -7 

Run16 1 -7 4 -5 

Run17 3 5 6 -6 

 

Runs Factor1 Factor2 Factor3 Factor4 

Run1 -4 5 -2 -8 

Run2 4 2 -8 -3 

Run3 6 -1 9 1 

Run4 -9 1 -7 -1 

Run5 -6 -8 -3 3 

Run6 -1 -6 -5 -7 

Run7 0 0 7 -9 

Run8 2 -3 0 7 

Run9 -8 -4 3 -6 

Run10 9 -2 1 -5 

Run11 -3 3 5 0 

Run12 1 -9 4 -2 

Run13 7 -7 -9 4 

Run14 3 6 6 9 

Run15 -7 4 -1 8 

Run16 8 7 -4 5 

Run17 -5 -5 8 6 

Runs Factor1 Factor2 Factor3 Factor4 

Run1 -6.5 7.5 -4.5 -4.5 

Run2 -3.5 -5.5 3.5 -9.5 

Run3 -1.5 -8.5 -5.5 -3.5 

Run4 -5.5 -9.5 2.5 4.5 

Run5 8.5 -3.5 4.5 -6.5 

Run6 -4.5 3.5 6.5 5.5 

Run7 9.5 1.5 9.5 2.5 

Run8 -0.5 -6.5 -7.5 8.5 

Run9 5.5 8.5 -2.5 -8.5 

Run10 -7.5 6.5 -3.5 6.5 

Run11 6.5 -7.5 -0.5 3.5 

Run12 2.5 -4.5 8.5 7.5 

Run13 1.5 4.5 -9.5 -0.5 

Run14 -9.5 -0.5 1.5 -2.5 

Run15 3.5 9.5 5.5 0.5 

Run16 7.5 -2.5 -6.5 -5.5 

Run17 4.5 2.5 -1.5 9.5 
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Run18 -2 8 -6 2 

Run19 5 9 2 -4 
 

 

Run18 -8.5 -1.5 -8.5 1.5 

Run19 -2.5 5.5 7.5 -7.5 

Run20 0.5 0.5 0.5 -1.5 
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Number of factors =5 
 

Runs Factor1 Factor2 Factor3 Factor4 Factor5 

Run1 -2 0 2 -3 4 

Run2 2 -3 -1 4 1 

Run3 0 3 0 0 -4 

Run4 4 -2 3 -2 -2 

Run5 -1 -4 -2 -1 -3 

Run6 3 4 1 1 3 

Run7 -4 -1 4 3 -1 

Run8 -3 2 -3 2 2 

Run9 1 1 -4 -4 0 

 

Runs Factor1 Factor2 Factor3 Factor4 Factor5 

Run1 -3 3 1 0 5 

Run2 2 5 2 -3 -1 

Run3 5 -1 0 -2 4 

Run4 0 -3 -5 4 2 

Run5 -5 1 5 -1 -3 

Run6 1 0 -4 -5 -2 

Run7 3 2 4 5 1 

Run8 -4 -4 -2 -4 3 

Run9 4 -2 -1 1 -5 

Run10 -1 -5 3 2 0 

Run11 -2 4 -3 3 -4 

Runs Factor1 Factor2 Factor3 Factor4 Factor5 

Run 1 5 1 -7 -7 -11 

Run 2 -9 -1 -3 -11 7 

Run 3 -7 3 11 -1 9 

Run 4 1 11 3 -9 1 

Run 5 3 9 -5 5 11 

Run 6 11 -3 -9 11 -7 

Run 7 -3 -9 5 9 3 

Run 8 9 7 7 7 -3 

Run 9 7 -5 1 -5 5 

Run 10 -1 -7 9 -3 -9 

Run 11 -5 -11 -11 1 -1 

Run 12 -11 5 -1 3 -5 
 

 

Runs Factor1 Factor2 Factor3 Factor4 Factor5 

Run1 -5 2 4 -4 0 

Run2 5 5 2 -5 1 

Run3 6 -2 0 0 5 

Run4 -1 -5 3 -1 -5 

Run5 4 0 -5 -6 -3 

Run6 -2 6 -4 -3 4 

Run7 -4 -4 -3 -2 3 

Run8 3 1 6 2 -1 

Run9 -3 -3 5 3 6 

Run10 1 3 -2 6 2 

Run11 -6 -1 1 5 -2 

Run12 0 4 -1 1 -6 

Run13 2 -6 -6 4 -4 

 

 

 

Runs Factor1 Factor2 Factor3 Factor4 Factor5 

Run1 5 -4 -5 -1 -5 

Run2 -7 3 4 0 -4 

Run3 2 6 -4 -4 -1 

Runs Factor1 Factor2 Factor3 Factor4 Factor5 

Run1 -4.5 6.5 7.5 -1.5 -3.5 

Run2 -5.5 2.5 -3.5 4.5 5.5 

Run3 -1.5 -7.5 3.5 0.5 -5.5 
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Run4 -1 -7 -3 5 4 

Run5 -6 2 1 -6 5 

Run6 3 -2 -1 -3 7 

Run7 -5 -1 -7 1 -2 

Run8 7 5 3 3 -3 

Run9 4 0 5 -5 -6 

Run10 -2 -6 0 -7 0 

Run11 6 1 -6 6 2 

Run12 1 7 7 -2 3 

Run13 0 -3 6 2 1 

Run14 -3 4 -2 4 6 

Run15 -4 -5 2 7 -7 

 

Run4 -7.5 -2.5 4.5 -0.5 2.5 

Run5 3.5 3.5 2.5 6.5 -4.5 

Run6 -3.5 0.5 -2.5 -7.5 -2.5 

Run7 -2.5 4.5 0.5 -5.5 7.5 

Run8 7.5 -5.5 6.5 -2.5 1.5 

Run9 6.5 -0.5 -0.5 3.5 6.5 

Run10 1.5 7.5 -7.5 1.5 0.5 

Run11 5.5 5.5 1.5 -4.5 -0.5 

Run12 4.5 -1.5 -4.5 -3.5 -7.5 

Run13 -6.5 1.5 -1.5 2.5 -6.5 

Run14 2.5 -4.5 -5.5 -6.5 4.5 

Run15 -0.5 -6.5 5.5 7.5 3.5 

Run16 0.5 -3.5 -6.5 5.5 -1.5 

 
 

Runs Factor1 Factor2 Factor3 Factor4 Factor5 

Run1 6 -1 8 1 0 

Run2 -5 -2 7 -4 4 

Run3 -7 -3 -5 3 3 

Run4 -4 -4 1 5 -8 

Run5 2 -8 4 -8 -3 

Run6 1 -7 2 6 2 

Run7 3 8 3 -3 5 

Run8 0 6 6 -1 -7 

Run9 4 -6 -4 -2 6 

Run10 8 4 -7 -5 1 

Run11 -2 3 5 8 7 

Run12 -3 1 -6 -6 8 

Run13 -6 0 -3 -7 -4 

Run14 5 5 -1 7 -1 

Run15 -8 7 0 4 -2 

Run16 -1 2 -8 2 -6 

Run17 7 -5 -2 0 -5 

Runs Factor1 Factor2 Factor3 Factor4 Factor5 

Run1 -2 8 -2 -5 -7 

Run2 -5 -2 8 -6 -5 

Run3 -6 -1 4 6 -4 

Run4 -8 -9 1 -1 1 

Run5 0 -3 -9 5 0 

Run6 -4 9 9 1 -2 

Run7 9 2 6 2 -6 

Run8 2 -6 -1 0 -8 

Run9 3 6 -3 7 -9 

Run10 -9 1 2 4 9 

Run11 -7 5 -8 -2 3 

Run12 -3 -4 -7 -9 -3 

Run13 7 4 -5 -4 2 

Run14 5 3 7 3 7 

Run15 8 -5 5 -7 -1 

Run16 6 -8 -6 -3 6 

Run17 1 -7 3 8 5 

Run18 -1 0 0 -8 8 

Run19 4 7 -4 9 4 
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Runs Factor1 Factor2 Factor3 Factor4 Factor5 

Run1 -1.5 0.5 -2.5 -5.5 -9.5 

Run2 -5.5 -4.5 -3.5 5.5 -7.5 

Run3 1.5 9.5 7.5 -6.5 -3.5 

Run4 -3.5 4.5 6.5 4.5 2.5 

Run5 -0.5 -7.5 -1.5 -9.5 1.5 

Run6 8.5 -2.5 5.5 -1.5 -2.5 

Run7 0.5 -5.5 9.5 -2.5 7.5 

Run8 3.5 3.5 1.5 9.5 -6.5 

Run9 5.5 -6.5 -5.5 3.5 9.5 

Run10 9.5 5.5 2.5 6.5 5.5 

Run11 -2.5 -1.5 8.5 1.5 -8.5 

Run12 6.5 6.5 -6.5 -4.5 -1.5 

Run13 -8.5 7.5 -4.5 2.5 -4.5 

Run14 -9.5 -3.5 3.5 -3.5 -0.5 

Run15 2.5 2.5 -9.5 7.5 0.5 

Run16 4.5 -9.5 -8.5 0.5 -5.5 

Run17 7.5 1.5 0.5 -7.5 8.5 

Run18 -7.5 8.5 -0.5 -8.5 4.5 

Run19 -6.5 -0.5 -7.5 -0.5 6.5 

Run20 -4.5 -8.5 4.5 8.5 3.5 

 

Number of factors =6 
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Runs Factor1 Factor2 Factor3 Factor4 Factor5 Factor6 

Run1 -3 2 0 -4 -4 1 

Run2 1 -3 -3 3 -1 -3 

Run3 -1 1 -2 5 -5 5 

Run4 4 4 4 1 -3 -2 

Run5 -4 -2 -5 -1 3 3 

Run6 -2 -4 5 -2 0 -5 

Run7 0 -1 -1 -5 5 -4 

Run8 5 -5 1 -3 -2 2 

Run9 -5 3 2 4 1 -1 

Run10 2 5 -4 0 2 0 

Run11 3 0 3 2 4 4 

Runs Factor1 Factor2 Factor3 Factor4 Factor5 Factor6 

Run 1 -11 -7 -7 3 -7 -3 

Run 2 -9 7 7 9 -1 9 

Run 3 9 5 9 -11 -3 5 

Run 4 11 9 -1 -1 11 -1 

Run 5 7 -5 -5 -5 -5 -11 

Run 6 -7 11 -9 -3 1 -7 

Run 7 -3 -9 11 1 -11 1 

Run 8 5 3 -3 7 -9 3 

Run 9 -1 1 3 11 5 -9 

Run 10 3 -11 5 5 7 7 

Run 11 1 -1 -11 -7 3 11 

Run 12 -5 -3 1 -9 9 -5 
 

 

Runs Factor1 Factor2 Factor3 Factor4 Factor5 Factor6 

Run1 -6 0 4 -2 1 4 

Run2 6 2 -4 3 -2 1 

Run3 4 6 -2 -6 -1 -4 

Run4 -5 3 0 2 2 -6 

Run5 -4 1 -5 -1 -5 2 

Run6 5 5 3 0 6 0 

Run7 3 -3 -1 -5 0 5 

Run8 2 -5 6 1 3 -2 

Run9 -2 -4 -6 -4 5 -3 

Run10 1 4 5 6 -3 -1 

Run11 0 -2 2 -3 -6 -5 

Run12 -1 -6 1 4 -4 6 

Run13 -3 -1 -3 5 4 3 

 

Runs Factor1 Factor2 Factor3 Factor4 Factor5 Factor6 

Run1 7 -7 -2 6 -2 4 

Run2 0 6 6 1 -7 -4 

Run3 1 3 -7 3 -5 -1 

Run4 6 -1 5 -1 2 -6 

Run5 -1 -3 7 5 1 7 

Run6 -7 5 4 0 4 1 

Run7 -2 -5 3 -7 5 2 

Run8 -4 4 -1 -6 -1 -7 

Run9 4 2 0 7 6 0 

Run10 -3 1 -3 -5 -4 6 

Run11 -6 -4 2 2 -3 -3 

Run12 3 -6 -4 -4 -6 -2 

Run13 5 7 1 -3 0 3 

Run14 -5 0 -6 4 3 5 

Run15 2 -2 -5 -2 7 -5 

 



66 
 

 

Runs Factor1 Factor2 Factor3 Factor4 Factor5 Factor6 

Run1 -5.5 2.5 -5.5 7.5 -2.5 -2.5 

Run2 3.5 1.5 6.5 -0.5 -6.5 1.5 

Run3 -7.5 -7.5 4.5 2.5 6.5 -0.5 

Run4 2.5 -6.5 1.5 5.5 1.5 4.5 

Run5 -1.5 0.5 -7.5 -5.5 3.5 6.5 

Run6 -6.5 -5.5 2.5 -3.5 -4.5 2.5 

Run7 7.5 4.5 -2.5 3.5 0.5 5.5 

Run8 4.5 -2.5 -4.5 4.5 -7.5 -1.5 

Run9 -2.5 3.5 7.5 -1.5 5.5 3.5 

Run10 1.5 -1.5 -3.5 -7.5 -5.5 -6.5 

Run11 -4.5 5.5 -1.5 1.5 -3.5 7.5 

Run12 5.5 -4.5 3.5 -6.5 2.5 0.5 

Run13 6.5 6.5 -0.5 -4.5 7.5 -3.5 

Run14 -0.5 -3.5 -6.5 0.5 4.5 -5.5 

Run15 -3.5 7.5 0.5 -2.5 -1.5 -4.5 

Run16 0.5 -0.5 5.5 6.5 -0.5 -7.5 

Runs Factor1 Factor2 Factor3 Factor4 Factor5 Factor6 

Run1 -3 -7 -2 -6 -2 2 

Run2 -2 0 -7 8 -4 1 

Run3 0 5 -3 -5 -8 -5 

Run4 -8 3 -6 -2 5 -1 

Run5 5 -5 6 4 -6 0 

Run6 -6 -3 8 -3 -5 -6 

Run7 -7 2 3 1 -3 7 

Run8 6 6 1 -1 -7 6 

Run9 -5 -8 2 6 2 -3 

Run10 7 -4 -5 3 1 -7 

Run11 8 -1 -8 -7 0 5 

Run12 1 -2 5 -4 8 3 

Run13 -4 4 4 7 7 -2 

Run14 3 7 -4 2 6 4 

Run15 2 8 7 0 -1 -4 

Run16 4 -6 -1 5 3 8 

Run17 -1 1 0 -8 4 -8 
 

 

Runs Factor1 Factor2 Factor3 Factor4 Factor5 Factor6 

Run1 -4 -3 4 -4 -7 -3 

Run2 8 1 -4 2 -2 -9 

Run3 -6 2 0 -8 -4 9 

Run4 -5 -8 -5 7 -8 0 

Run5 -9 7 -1 3 -1 1 

Run6 0 -4 5 6 2 6 

Run7 5 -5 3 -7 5 -1 

Run8 1 9 7 -5 1 -5 

Run9 2 -1 -9 4 0 8 

Run10 -7 0 6 -6 9 4 

Run11 4 8 2 -2 8 7 

Run12 -3 4 -8 0 6 -8 

Run13 3 5 -7 -9 -3 -2 

Runs Factor1 Factor2 Factor3 Factor4 Factor5 Factor6 

Run1 -6.5 -9.5 6.5 -1.5 6.5 4.5 

Run2 7.5 -6.5 -4.5 -6.5 -4.5 -3.5 

Run3 9.5 5.5 -2.5 6.5 1.5 -5.5 

Run4 -5.5 1.5 2.5 8.5 -8.5 -6.5 

Run5 4.5 -2.5 -5.5 -4.5 9.5 -4.5 

Run6 6.5 -4.5 9.5 -8.5 2.5 2.5 

Run7 5.5 -7.5 4.5 9.5 -0.5 -0.5 

Run8 -4.5 8.5 -8.5 -2.5 7.5 -7.5 

Run9 -3.5 -8.5 -1.5 1.5 0.5 -8.5 

Run10 -2.5 9.5 7.5 3.5 5.5 -2.5 

Run11 1.5 0.5 -0.5 7.5 8.5 7.5 

Run12 3.5 4.5 -3.5 -9.5 4.5 6.5 

Run13 -1.5 -3.5 8.5 -3.5 -9.5 -1.5 

Run14 -7.5 -0.5 5.5 5.5 -5.5 8.5 

Run15 2.5 -5.5 -6.5 -0.5 -2.5 9.5 
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Run14 -2 -6 -2 9 7 -6 

Run15 -1 3 9 8 -6 -4 

Run16 6 6 1 1 -9 5 

Run17 7 -2 8 5 4 -7 

Run18 9 -9 -3 -1 -5 3 

Run19 -8 -7 -6 -3 3 2 

Run16 -0.5 3.5 1.5 -7.5 -1.5 -9.5 

Run17 8.5 2.5 3.5 2.5 -6.5 5.5 

Run18 -8.5 7.5 0.5 -5.5 -3.5 3.5 

Run19 -9.5 -1.5 -7.5 0.5 3.5 1.5 

Run20 0.5 6.5 -9.5 4.5 -7.5 0.5 
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Appendix III (b):-Catalogue of Orthogonal Latin hypercube Result of SFD with m (≤ 6) factors and n (≤ 20) runs  

Factor Runs Orthogonality value Space filling value 

 

 

2 

 

  Phi 

 Value 

CL2 

 Value 

Entropy  

Value 

3 0.5 0.5001 0.2826 0.1553 

4 0 0.3658 0.1954 0.4588 

5 0.5 0.3713 0.1633 1.7735 

7 0.5 0.3712 0.1194 6.8841 

8 0.64 0.3663 0.1185 9.3637 

9 0.5 0.3795 0.0981 16.6201 

11 0.5 0.3859 0.0856 31.6612 

12 0.83 0.3669 0.1109 31.5279 

13 0.5 0.3911 0.0778 52.5075 

15 0.5 0.3954 0.0725 79.5574 

16 0.92 0.3678 0.109 89.0611 

17 0.5 0.3992 0.0688 113.143 

19 0.5 0.4026 0.066 153.549 

20 0.93 0.3681 0.1088 114.121 

3 7 0.214;-0.071;0.285 0 0 0 

8 0.095;-0.285;-0.476 0 0 0 

9 0;0;0.083 0 0 0 

11 0.090;0.063;-0.036 0 0 0 

12 -0.104;-0.097;0.041 0.2511 0.1078 12.2306 

13 0.076;0.049;-0.032 0 0 0 

15 -0.05;0.028;-0.035 0 0 0 

16 0.120;-0.026;-0.032 0 0 0 

17 0.046;-0.203;0.031 0 0 0 

19 0.033;0.063;0.043 0 0 0 

20 -0.154;0.036;0.174 0 0 0 

4 8  0.00; 0.00; 0.00; 0.00; 0.00; 0.00;  0.010021   0.123001   9.253  

9  0.00; 0.00; 0.00; 0.00; 0.00; 0.00  0.002134   0.110252   12.642  

11  -0.15; -0.12; 0.02; -0.12; 0.09; 0.20  0.001252   0.210350   16.358  

12  0.14;0.16;-0.02;0.13;0.07;0.09  0.012341   0.021035   25.146  

13  -0.03;p 0.10; 0.04; 0.09; -0.14; 0.07  0.101124   0.213056   39.152  

15  0.06; 0.16; -0.09; 0.12; -0.025; -0.10  0.120320   0.214541   66.254  

16  0.03;0.05; -0.01; -0.08; 0.02; 0.01  0.110325   0.154201   85.245  

17  0.00; 0.17; 0.01; -0.08; 0.02; 0.06  0.003215   0.012540   100.256  
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19  0.11; 0.00; -0.04; 0.04; 0.07; 0.01  0.230126   0.251035   112.154  

5 9  0.01; 0.00; -0.08; -0.20; -0.05; 0.15;0.12;0.06;-0.05; 0.11  0.001206   0.012543   11.586  

11  0.01; -0.08; 0.21; 0.10; 0.00; 0.11; -0.04; -0.17; 0.01; -0.07  0.012030   0.102013   19.254  

12  0.10;-0.14;0.28;-0.27;0.16;-0.11;0.20;-0.05;0.17;-0.08 0.023011 0.114578 29.354 

13  0.11; -0.16; 0.03; -0.18; -0.28; 0.07; -0.03; 0.11;0.13;-0.02  0.210013   0.221560   48.596  

15  0.11; -0.07; 0.22; 0.04; -0.13; -0.18; -0.07; 0.12; -0.13; -0.07  0.112057   0.215895   71.025  

16  -0.12; -0.07; -0.16; -0.05; -0.11; 0.06; 0.05; -0.01; -0.01; -0.01  0.210562   0.312546   94.058  

17  -0.06; 0.01; -0.01;-0.09; 0.11; 0.12; 0.01; 0.03; -0.01; -0.06  0.123594   0.356214   124.524  

19  0.01; -0.01; 0.04; 0.02; 0.18; 0.06; -0.06; -0.12; -0.08; 0.05  0.210025   0.415210   148.225  

20  -0.001; -0.03; 0.04; 0.04; -0.11; -0.06; 0.16;-0.07; 0.02;-0.10  0.013065   0.120546   156.235  

6 11  -0.17; 0.18; 0.06; -0.05; 0.01; -0.01; -0.16; 0.01; 0.10; 0.11; 0.01; 0.16; -0.04; -0.01; -0.01  0.0125634   0.114523   23.654  

12  0.11;0.10;-0.28;0.17;0.06;-0.16;-0.04;0.23;-0.006;0.19;-0.08;0.23;-0.12;0.03;-0.02  0.021025   0.210356   37.695  

13  -0.12; -0.09; 0.06; -0.09; 0.07; 0.11; 0.01; -0.04; 0.28; -0.16; 0.13; -0.07; -0.07; 0.00; -0.03  0.245103   0.001253   62.126  

15  -0.17; -0.06; 0.12; 0.18; -0.07; 0.02; -0.02; -0.05; 0.08; 0.06; -0.08; -0.15; -0.02; 0.28; 0.06  0.350124   0.360128   92.698  

16  0.13; -0.05; -0.10; -0.11; -0.07; 0.01; -0.002; -0.02; 0.10; -0.13; -0.04; 0.04; 0.03; -0.002; 0.04  0.120589   0.264510   128.345  

17  0.02; -0.21; -0.02; -0.04; -0.11; 0.08; -0.11; -0.004; -0.08; 0.07; 0.20; -0.002; -0.16; 0.13; 0.02  0.010124   0.350102   182.366  

19  0.01; 0.06; 0.17; 0.04;n -0.24;; 0.02;-0.08; 0.03; 0.08; -0.09; -0.15; -0.01; -0.06; -0.21; -0.08  0.246531   0.353641   209.124  

20  -0.10; -0.02; -0.20; -0.06; 0.03; 0.05; 0.01; 0.02; -0.16; -0.15; -0.01; -0.12; 0.04; -0.02  0.451025   0.410203   318.235  
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Appendix IV: Catalogue of Nested Orthogonal Latin hypercube Designs (NOLH) with m (≤ 6) factors and p (≤6) layers 

Number of Layers =2 

 

 

 

 

 

 

 

 

 

 

 

 

Layer1- Run 1 to Run 9 

Layer2- Run 1 to Run 4 

 

 Factor 1 Factor 2 

Run 1 -3 1 

Run 2 -1 -3 

Run 3 1 3 

Run 4 3 -1 

Run 5 -6 2 

Run 6 -2 -6 

Run 7 2 6 

Run 8 6 -2 

Run 9 0 0 

 

Layer1- Run 1 to Run 15 

Layer2- Run 1 to Run 7 

 

 Factor 1 Factor 2 Factor 3 

Run 1 -6 6 4 

Run 2 -4 0 -6 

Run 3 -2 -4 -2 

Run 4 0 -6 2 

Run 5 2 -2 6 

Run 6 4 2 -4 

Run 7 6 4 0 

Run 8 -7 -5 -3 

Run 9 -5 7 -1 

Run 10 -3 1 7 

Run 11 -1 -3 5 

Run 12 7 5 3 

Run 13 5 -7 1 

Run 14 3 -1 -7 

Run 15 1 3 -5 

Layer1- Run 1 to Run 17 

Layer2- Run 1 to Run 8 

 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -7 -5 -3 -1 

Run 2 -5 7 -1 3 

Run 3 -3 1 7 -5 

Run 4 -1 -3 5 7 

Run 5 7 5 3 1 

Run 6 5 -7 1 -3 

Run 7 3 -1 -7 5 

Run 8 1 3 -5 -7 

Run 9 -8 -4 0 -6 

Run 10 -6 8 4 2 

Run 11 -4 -6 -8 -2 

Run 12 -2 6 -4 6 

Run 13 0 -8 8 8 

Run 14 2 4 -2 0 

Run 15 4 0 6 -4 

Run 16 6 2 2 -8 

Run 17 8 -2 -6 4 
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Layer1- Run 1 to Run 23  

Layer2- Run 1 to Run 11 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Run 1 -10 -8 -10 -10 -6 

Run 2 -8 4 -2 6 8 

Run 3 -6 -4 8 10 -8 

Run 4 -4 6 -6 8 2 

Run 5 -2 8 4 -8 6 

Run 6 0 -10 10 -4 10 

Run 7 2 10 6 -6 -10 

Run 8 4 -2 2 2 -4 

Run 9 6 0 0 -2 0 

Run 10 8 2 -8 0 4 

Run 11 10 -6 -4 4 -2 

Run 12 -11 -11 -3 -11 -7 

Run 13 -9 -5 -5 11 9 

Run 14 -7 9 11 -9 -1 

Run 15 -5 1 1 1 1 

Run 16 -3 5 -1 3 11 

Run 17 -1 11 5 7 -5 

Run 18 1 3 -11 5 -11 

Run 19 3 -3 3 -3 3 

Run 20 5 -9 7 9 -9 

Run 21 7 -1 -9 -7 7 

Run 22 9 7 -7 -5 -3 

Run 23 11 -7 9 -1 5 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Run 1 -10 -8 -10 -10 -6 0 

Run 2 -8 4 -2 6 8 10 

Run 3 -6 -4 8 10 -8 -4 

Run 4 -4 6 -6 8 2 -8 

Run 5 -2 8 4 -8 6 4 

Run 6 0 -10 10 -4 10 -6 

Run 7 2 10 6 -6 -10 -2 

Run 8 4 -2 2 2 -4 6 

Run 9 6 0 0 -2 0 2 

Run 10 8 2 -8 0 4 -10 

Run 11 10 -6 -4 4 -2 8 

Run 12 -11 -11 -3 -11 -7 -7 

Run 13 -9 -5 -5 11 9 1 

Run 14 -7 9 11 -9 -1 3 

Run 15 -5 1 1 1 1 11 

Run 16 -3 5 -1 3 11 -9 

Run 17 -1 11 5 7 -5 -3 

Run 18 1 3 -11 5 -11 -5 

Run 19 3 -3 3 -3 3 5 

Run 20 5 -9 7 9 -9 7 

Run 21 7 -1 -9 -7 7 9 

Run 22 9 7 -7 -5 -3 -1 

Run 23 11 -7 9 -1 5 -11 

 

Layer1- Run 1 to Run 23  

Layer2- Run 1 to Run 11 
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Number of Layers =3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Layer1- Run 1 to Run 17  

Layer2- Run 1 to Run 9  

Layer3- Run 1 to Run 5 

 

 

 

 Factor 1 Factor 2 

Run 1 -6 2 

Run 2 -2 -6 

Run 3 2 6 

Run 4 6 -2 

Run 5 -12 4 

Run 6 -4 -12 

Run 7 4 12 

Run 8 12 -4 

Run 9 0 0 

Run 10 -7 -5 

Run 11 -5 7 

Run 12 -3 1 

Run 13 -1 -3 

Run 14 7 5 

Run 15 5 -7 

Run 16 3 -1 

Run 17 1 3 

 

Layer1- Run 1 to Run 33 

 Factor 1 Factor 2 Factor 3 

Run 1 -14 -10 -6 

Run 2 -10 14 -2 

Run 3 -6 2 14 

Run 4 -2 -6 10 

Run 5 14 10 6 

Run 6 10 -14 2 

Run 7 6 -2 -14 

Run 8 2 6 -10 

Run 9 -16 -8 0 

Run 10 -12 16 8 

Run 11 -8 -12 -16 

Run 12 -4 12 -8 

Run 13 0 -16 16 

Run 14 4 8 -4 

Run 15 8 0 12 

Run 16 12 4 4 

Run 17 16 -4 -12 

Run 18 -15 13 9 

Run 19 -13 -15 11 

Run 20 -11 9 -13 

Run 21 -9 -11 -15 

Run 22 -7 5 1 

Run 23 -5 -7 3 

Run 24 -3 1 -5 

Run 25 -1 -3 -7 

Run 26 15 -13 -9 

Run 27 13 15 -11 

Run 28 11 -9 13 

Run 29 9 11 15 

Run 30 7 -5 -1 

Run 31 5 7 -3 

Run 32 3 -1 5 

Run 33 1 3 7 

 

Layer1- Run 1 to Run 33 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -14 -10 -6 -2 

Run 2 -10 14 -2 6 

Run 3 -6 2 14 -10 

Run 4 -2 -6 10 14 

Run 5 14 10 6 2 

Run 6 10 -14 2 -6 

Run 7 6 -2 -14 10 

Run 8 2 6 -10 -14 

Run 9 -16 -8 0 -12 

Run 10 -12 16 8 4 

Run 11 -8 -12 -16 -4 

Run 12 -4 12 -8 12 

Run 13 0 -16 16 16 

Run 14 4 8 -4 0 

Run 15 8 0 12 -8 

Run 16 12 4 4 -16 

Run 17 16 -4 -12 8 

Run 18 -15 13 9 11 

Run 19 -13 -15 11 -9 

Run 20 -11 9 -13 -15 

Run 21 -9 -11 -15 13 

Run 22 -7 5 1 -3 

Run 23 -5 -7 3 1 

Run 24 -3 1 -5 7 

Run 25 -1 -3 -7 -5 

Run 26 15 -13 -9 -11 

Run 27 13 15 -11 9 

Run 28 11 -9 13 15 

Run 29 9 11 15 -13 

Run 30 7 -5 -1 3 

Run 31 5 7 -3 -1 

Run 32 3 -1 5 -7 

Run 33 1 3 7 5 
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Layer2- Run 1 to Run 17  

Layer3- Run 1 to Run 9 

 

Layer2- Run 1 to Run 17  

Layer3- Run 1 to Run 9 

 

 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Run 1 -22 -22 -6 -22 -14 

Run 2 -18 -10 -10 22 18 

Run 3 -14 18 22 -18 -2 

Run 4 -10 2 2 2 2 

Run 5 -6 10 -2 6 22 

Run 6 -2 22 10 14 -10 

Run 7 2 6 -22 10 -22 

Run 8 6 -6 6 -6 6 

Run 9 10 -18 14 18 -18 

Run 10 14 -2 -18 -14 14 

Run 11 18 14 -14 -10 -6 

Run 12 22 -14 18 -2 10 

Run 13 -24 -24 -24 0 -20 

Run 14 -20 4 16 -4 24 

Run 15 -16 24 -16 20 20 

Run 16 -12 8 24 -16 -24 

Run 17 -8 -8 8 8 -8 

Run 18 -4 12 4 4 -12 

Run 19 0 16 -8 -24 4 

Run 20 4 -16 -20 -8 12 

Run 21 8 -20 20 24 8 

Run 22 12 -12 12 -20 16 

Run 23 16 -4 0 16 -4 

Run 24 20 20 -4 12 -16 

Run 25 24 0 -12 -12 0 

Run 26 15 -5 19 23 -21 

Run 27 19 15 -5 -21 17 

Run 28 -5 19 15 17 23 

Run 29 -23 21 -17 15 -5 

Run 30 21 -17 -23 19 15 

Run 31 -17 -23 21 -5 19 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Run 1 -22 -22 -6 -22 -14 -14 

Run 2 -18 -10 -10 22 18 2 

Run 3 -14 18 22 -18 -2 6 

Run 4 -10 2 2 2 2 22 

Run 5 -6 10 -2 6 22 -18 

Run 6 -2 22 10 14 -10 -6 

Run 7 2 6 -22 10 -22 -10 

Run 8 6 -6 6 -6 6 10 

Run 9 10 -18 14 18 -18 14 

Run 10 14 -2 -18 -14 14 18 

Run 11 18 14 -14 -10 -6 -2 

Run 12 22 -14 18 -2 10 -22 

Run 13 -24 -24 -24 0 -20 -4 

Run 14 -20 4 16 -4 24 20 

Run 15 -16 24 -16 20 20 -8 

Run 16 -12 8 24 -16 -24 8 

Run 17 -8 -8 8 8 -8 -16 

Run 18 -4 12 4 4 -12 12 

Run 19 0 16 -8 -24 4 -20 

Run 20 4 -16 -20 -8 12 16 

Run 21 8 -20 20 24 8 4 

Run 22 12 -12 12 -20 16 -24 

Run 23 16 -4 0 16 -4 -12 

Run 24 20 20 -4 12 -16 0 

Run 25 24 0 -12 -12 0 24 

Run 26 15 -5 19 23 -21 17 

Run 27 19 15 -5 -21 17 23 

Run 28 -5 19 15 17 23 -21 

Run 29 -23 21 -17 15 -5 19 

Run 30 21 -17 -23 19 15 -5 

Run 31 -17 -23 21 -5 19 15 
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Run 32 7 -3 -1 11 13 

Run 33 -3 -1 7 13 9 

Run 34 -1 7 -3 9 11 

Run 35 -13 -11 -9 -3 7 

Run 36 -11 -9 -13 7 -1 

Run 37 -9 -13 -11 -1 -3 

Run 38 -15 5 -19 -23 21 

Run 39 -19 -15 5 21 -17 

Run 40 5 -19 -15 -17 -23 

Run 41 23 -21 17 -15 5 

Run 42 -21 17 23 -19 -15 

Run 43 17 23 -21 5 -19 

Run 44 -7 3 1 -11 -13 

Run 45 3 1 -7 -13 -9 

Run 46 1 -7 3 -9 -11 

Run 47 13 11 9 3 -7 

Run 48 11 9 13 -7 1 

Run 49 9 13 11 1 3 

 

Layer1- Run 1 to Run 49  

Layer2- Run 1 to Run 25 

Layer3- Run 1 to Run 13 

 

Run 32 7 -3 -1 11 13 9 

Run 33 -3 -1 7 13 9 11 

Run 34 -1 7 -3 9 11 13 

Run 35 -13 -11 -9 -3 7 -1 

Run 36 -11 -9 -13 7 -1 -3 

Run 37 -9 -13 -11 -1 -3 7 

Run 38 -15 5 -19 -23 21 -17 

Run 39 -19 -15 5 21 -17 -23 

Run 40 5 -19 -15 -17 -23 21 

Run 41 23 -21 17 -15 5 -19 

Run 42 -21 17 23 -19 -15 5 

Run 43 17 23 -21 5 -19 -15 

Run 44 -7 3 1 -11 -13 -9 

Run 45 3 1 -7 -13 -9 -11 

Run 46 1 -7 3 -9 -11 -13 

Run 47 13 11 9 3 -7 1 

Run 48 11 9 13 -7 1 3 

Run 49 9 13 11 1 3 -7 

 

Layer1- Run 1 to Run 49  

Layer2- Run 1 to Run 25 

Layer3- Run 1 to Run 13 

 

Number of Layers =4 

 Factor 1 Factor 2 

Run 1 -12 4 

Run 2 -4 -12 

Run 3 4 12 

Run 4 12 -4 

Run 5 -24 8 

Run 6 -8 -24 

Run 7 8 24 

Run 8 24 -8 

Run 9 0 0 

Run 10 -14 -10 

Run 11 -10 14 

Run 12 -6 2 

 

 Factor 1 Factor 2 Factor 3 

Run 1 -28 -20 -12 

Run 2 -20 28 -4 

Run 3 -12 4 28 

Run 4 -4 -12 20 

Run 5 28 20 12 

Run 6 20 -28 4 

Run 7 12 -4 -28 

Run 8 4 12 -20 

Run 9 -32 -16 0 

Run 10 -24 32 16 

Run 11 -16 -24 -32 

Run 12 -8 24 -16 

 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -28 -20 -12 -4 

Run 2 -20 28 -4 12 

Run 3 -12 4 28 -20 

Run 4 -4 -12 20 28 

Run 5 28 20 12 4 

Run 6 20 -28 4 -12 

Run 7 12 -4 -28 20 

Run 8 4 12 -20 -28 

Run 9 -32 -16 0 -24 

Run 10 -24 32 16 8 

Run 11 -16 -24 -32 -8 

Run 12 -8 24 -16 24 
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Layer1- Run 1 

to Run 33 

Layer2- Run 1 

to Run 17

  

Layer3- Run 1 

to Run 9 

Layer4- Run 1 

to Run 5 

 

Run 13 -2 -6 

Run 14 14 10 

Run 15 10 -14 

Run 16 6 -2 

Run 17 2 6 

Run 18 -15 13 

Run 19 -13 -15 

Run 20 -11 9 

Run 21 -9 -11 

Run 22 -7 5 

Run 23 -5 -7 

Run 24 -3 1 

Run 25 -1 -3 

Run 26 15 -13 

Run 27 13 15 

Run 28 11 -9 

Run 29 9 11 

Run 30 7 -5 

Run 31 5 7 

Run 32 3 -1 

Run 33 1 3 

Run 13 0 -32 32 

Run 14 8 16 -8 

Run 15 16 0 24 

Run 16 24 8 8 

Run 17 32 -8 -24 

Run 18 -30 26 18 

Run 19 -26 -30 22 

Run 20 -22 18 -26 

Run 21 -18 -22 -30 

Run 22 -14 10 2 

Run 23 -10 -14 6 

Run 24 -6 2 -10 

Run 25 -2 -6 -14 

Run 26 30 -26 -18 

Run 27 26 30 -22 

Run 28 22 -18 26 

Run 29 18 22 30 

Run 30 14 -10 -2 

Run 31 10 14 -6 

Run 32 6 -2 10 

Run 33 2 6 14 

Run 34 -31 29 25 

Run 35 -29 -31 27 

Run 36 -27 25 -29 

Run 37 -25 -27 -31 

Run 38 -23 21 17 

Run 39 -21 -23 19 

Run 40 -19 17 -21 

Run 41 -17 -19 -23 

Run 42 31 -29 -25 

Run 43 29 31 -27 

Run 44 27 -25 29 

Run 45 25 27 31 

Run 46 23 -21 -17 

Run 47 21 23 -19 

Run 48 19 -17 21 

Run 49 17 19 23 

Run 50 -15 13 9 

Run 13 0 -32 32 32 

Run 14 8 16 -8 0 

Run 15 16 0 24 -16 

Run 16 24 8 8 -32 

Run 17 32 -8 -24 16 

Run 18 -30 26 18 22 

Run 19 -26 -30 22 -18 

Run 20 -22 18 -26 -30 

Run 21 -18 -22 -30 26 

Run 22 -14 10 2 -6 

Run 23 -10 -14 6 2 

Run 24 -6 2 -10 14 

Run 25 -2 -6 -14 -10 

Run 26 30 -26 -18 -22 

Run 27 26 30 -22 18 

Run 28 22 -18 26 30 

Run 29 18 22 30 -26 

Run 30 14 -10 -2 6 

Run 31 10 14 -6 -2 

Run 32 6 -2 10 -14 

Run 33 2 6 14 10 

Run 34 -31 29 25 27 

Run 35 -29 -31 27 -25 

Run 36 -27 25 -29 -31 

Run 37 -25 -27 -31 29 

Run 38 -23 21 17 -19 

Run 39 -21 -23 19 17 

Run 40 -19 17 -21 23 

Run 41 -17 -19 -23 -21 

Run 42 31 -29 -25 -27 

Run 43 29 31 -27 25 

Run 44 27 -25 29 31 

Run 45 25 27 31 -29 

Run 46 23 -21 -17 19 

Run 47 21 23 -19 -17 

Run 48 19 -17 21 -23 

Run 49 17 19 23 21 

Run 50 -15 13 9 11 
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Run 51 -13 -15 11 

Run 52 -11 9 -13 

Run 53 -9 -11 -15 

Run 54 -7 5 1 

Run 55 -5 -7 3 

Run 56 -3 1 -5 

Run 57 -1 -3 -7 

Run 58 15 -13 -9 

Run 59 13 15 -11 

Run 60 11 -9 13 

Run 61 9 11 15 

Run 62 7 -5 -1 

Run 63 5 7 -3 

Run 64 3 -1 5 

Run 65 1 3 7 

 

Layer1- Run 1 to Run 65 

Layer2- Run 1 to Run 33 

Layer3- Run 1 to Run 17 

Layer4- Run 1 to Run 9 

 

Run 51 -13 -15 11 -9 

Run 52 -11 9 -13 -15 

Run 53 -9 -11 -15 13 

Run 54 -7 5 1 -3 

Run 55 -5 -7 3 1 

Run 56 -3 1 -5 7 

Run 57 -1 -3 -7 -5 

Run 58 15 -13 -9 -11 

Run 59 13 15 -11 9 

Run 60 11 -9 13 15 

Run 61 9 11 15 -13 

Run 62 7 -5 -1 3 

Run 63 5 7 -3 -1 

Run 64 3 -1 5 -7 

Run 65 1 3 7 5 

 

Layer1- Run 1 to Run 65 

Layer2- Run 1 to Run 33 

Layer3- Run 1 to Run 17 

Layer4- Run 1 to Run 9 

 

 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Run 1 -44 -44 -12 -44 -28 

Run 2 -36 -20 -20 44 36 

Run 3 -28 36 44 -36 -4 

Run 4 -20 4 4 4 4 

Run 5 -12 20 -4 12 44 

Run 6 -4 44 20 28 -20 

Run 7 4 12 -44 20 -44 

Run 8 12 -12 12 -12 12 

Run 9 20 -36 28 36 -36 

Run 10 28 -4 -36 -28 28 

Run 11 36 28 -28 -20 -12 

Run 12 44 -28 36 -4 20 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Run 1 -44 -44 -12 -44 -28 -28 

Run 2 -36 -20 -20 44 36 4 

Run 3 -28 36 44 -36 -4 12 

Run 4 -20 4 4 4 4 44 

Run 5 -12 20 -4 12 44 -36 

Run 6 -4 44 20 28 -20 -12 

Run 7 4 12 -44 20 -44 -20 

Run 8 12 -12 12 -12 12 20 

Run 9 20 -36 28 36 -36 28 

Run 10 28 -4 -36 -28 28 36 

Run 11 36 28 -28 -20 -12 -4 



77 
 

Run 13 -48 -48 -48 0 -40 

Run 14 -40 8 32 -8 48 

Run 15 -32 48 -32 40 40 

Run 16 -24 16 48 -32 -48 

Run 17 -16 -16 16 16 -16 

Run 18 -8 24 8 8 -24 

Run 19 0 32 -16 -48 8 

Run 20 8 -32 -40 -16 24 

Run 21 16 -40 40 48 16 

Run 22 24 -24 24 -40 32 

Run 23 32 -8 0 32 -8 

Run 24 40 40 -8 24 -32 

Run 25 48 0 -24 -24 0 

Run 26 30 -10 38 46 -42 

Run 27 38 30 -10 -42 34 

Run 28 -10 38 30 34 46 

Run 29 -46 42 -34 30 -10 

Run 30 42 -34 -46 38 30 

Run 31 -34 -46 42 -10 38 

Run 32 14 -6 -2 22 26 

Run 33 -6 -2 14 26 18 

Run 34 -2 14 -6 18 22 

Run 35 -26 -22 -18 -6 14 

Run 36 -22 -18 -26 14 -2 

Run 37 -18 -26 -22 -2 -6 

Run 38 -30 10 -38 -46 42 

Run 39 -38 -30 10 42 -34 

Run 40 10 -38 -30 -34 -46 

Run 41 46 -42 34 -30 10 

Run 42 -42 34 46 -38 -30 

Run 43 34 46 -42 10 -38 

Run 44 -14 6 2 -22 -26 

Run 45 6 2 -14 -26 -18 

Run 46 2 -14 6 -18 -22 

Run 47 26 22 18 6 -14 

Run 48 22 18 26 -14 2 

Run 49 18 26 22 2 6 

Run 50 -47 45 41 43 33 

Run 12 44 -28 36 -4 20 -44 

Run 13 -48 -48 -48 0 -40 -8 

Run 14 -40 8 32 -8 48 40 

Run 15 -32 48 -32 40 40 -16 

Run 16 -24 16 48 -32 -48 16 

Run 17 -16 -16 16 16 -16 -32 

Run 18 -8 24 8 8 -24 24 

Run 19 0 32 -16 -48 8 -40 

Run 20 8 -32 -40 -16 24 32 

Run 21 16 -40 40 48 16 8 

Run 22 24 -24 24 -40 32 -48 

Run 23 32 -8 0 32 -8 -24 

Run 24 40 40 -8 24 -32 0 

Run 25 48 0 -24 -24 0 48 

Run 26 30 -10 38 46 -42 34 

Run 27 38 30 -10 -42 34 46 

Run 28 -10 38 30 34 46 -42 

Run 29 -46 42 -34 30 -10 38 

Run 30 42 -34 -46 38 30 -10 

Run 31 -34 -46 42 -10 38 30 

Run 32 14 -6 -2 22 26 18 

Run 33 -6 -2 14 26 18 22 

Run 34 -2 14 -6 18 22 26 

Run 35 -26 -22 -18 -6 14 -2 

Run 36 -22 -18 -26 14 -2 -6 

Run 37 -18 -26 -22 -2 -6 14 

Run 38 -30 10 -38 -46 42 -34 

Run 39 -38 -30 10 42 -34 -46 

Run 40 10 -38 -30 -34 -46 42 

Run 41 46 -42 34 -30 10 -38 

Run 42 -42 34 46 -38 -30 10 

Run 43 34 46 -42 10 -38 -30 

Run 44 -14 6 2 -22 -26 -18 

Run 45 6 2 -14 -26 -18 -22 

Run 46 2 -14 6 -18 -22 -26 

Run 47 26 22 18 6 -14 2 

Run 48 22 18 26 -14 2 6 

Run 49 18 26 22 2 6 -14 
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Run 51 -45 -47 43 -41 35 

Run 52 -43 41 -45 -47 37 

Run 53 -41 -43 -47 45 39 

Run 54 -39 37 33 -35 -41 

Run 55 -37 -39 35 33 -43 

Run 56 -35 33 -37 39 -45 

Run 57 -33 -35 -39 -37 -47 

Run 58 47 -45 -41 -43 -33 

Run 59 45 47 -43 41 -35 

Run 60 43 -41 45 47 -37 

Run 61 41 43 47 -45 -39 

Run 62 39 -37 -33 35 41 

Run 63 37 39 -35 -33 43 

Run 64 35 -33 37 -39 45 

Run 65 33 35 39 37 47 

Run 66 -31 29 25 27 17 

Run 67 -29 -31 27 -25 19 

Run 68 -27 25 -29 -31 21 

Run 69 -25 -27 -31 29 23 

Run 70 -23 21 17 -19 -25 

Run 71 -21 -23 19 17 -27 

Run 72 -19 17 -21 23 -29 

Run 73 -17 -19 -23 -21 -31 

Run 74 31 -29 -25 -27 -17 

Run 75 29 31 -27 25 -19 

Run 76 27 -25 29 31 -21 

Run 77 25 27 31 -29 -23 

Run 78 23 -21 -17 19 25 

Run 79 21 23 -19 -17 27 

Run 80 19 -17 21 -23 29 

Run 81 17 19 23 21 31 

Run 82 -15 13 9 11 1 

Run 83 -13 -15 11 -9 3 

Run 84 -11 9 -13 -15 5 

Run 85 -9 -11 -15 13 7 

Run 86 -7 5 1 -3 -9 

Run 87 -5 -7 3 1 -11 

Run 88 -3 1 -5 7 -13 

Run 50 -47 45 41 43 33 -39 

Run 51 -45 -47 43 -41 35 37 

Run 52 -43 41 -45 -47 37 -35 

Run 53 -41 -43 -47 45 39 33 

Run 54 -39 37 33 -35 -41 47 

Run 55 -37 -39 35 33 -43 -45 

Run 56 -35 33 -37 39 -45 43 

Run 57 -33 -35 -39 -37 -47 -41 

Run 58 47 -45 -41 -43 -33 39 

Run 59 45 47 -43 41 -35 -37 

Run 60 43 -41 45 47 -37 35 

Run 61 41 43 47 -45 -39 -33 

Run 62 39 -37 -33 35 41 -47 

Run 63 37 39 -35 -33 43 45 

Run 64 35 -33 37 -39 45 -43 

Run 65 33 35 39 37 47 41 

Run 66 -31 29 25 27 17 -23 

Run 67 -29 -31 27 -25 19 21 

Run 68 -27 25 -29 -31 21 -19 

Run 69 -25 -27 -31 29 23 17 

Run 70 -23 21 17 -19 -25 31 

Run 71 -21 -23 19 17 -27 -29 

Run 72 -19 17 -21 23 -29 27 

Run 73 -17 -19 -23 -21 -31 -25 

Run 74 31 -29 -25 -27 -17 23 

Run 75 29 31 -27 25 -19 -21 

Run 76 27 -25 29 31 -21 19 

Run 77 25 27 31 -29 -23 -17 

Run 78 23 -21 -17 19 25 -31 

Run 79 21 23 -19 -17 27 29 

Run 80 19 -17 21 -23 29 -27 

Run 81 17 19 23 21 31 25 

Run 82 -15 13 9 11 1 -7 

Run 83 -13 -15 11 -9 3 5 

Run 84 -11 9 -13 -15 5 -3 

Run 85 -9 -11 -15 13 7 1 

Run 86 -7 5 1 -3 -9 15 

Run 87 -5 -7 3 1 -11 -13 
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Run 89 -1 -3 -7 -5 -15 

Run 90 15 -13 -9 -11 -1 

Run 91 13 15 -11 9 -3 

Run 92 11 -9 13 15 -5 

Run 93 9 11 15 -13 -7 

Run 94 7 -5 -1 3 9 

Run 95 5 7 -3 -1 11 

Run 96 3 -1 5 -7 13 

Run 97 1 3 7 5 15 

 

Layer1- Run 1 to Run 97 

Layer2- Run 1 to Run 49 

Layer3- Run 1 to Run 25 

Layer4- Run 1 to Run 13 

 

Run 88 -3 1 -5 7 -13 11 

Run 89 -1 -3 -7 -5 -15 -9 

Run 90 15 -13 -9 -11 -1 7 

Run 91 13 15 -11 9 -3 -5 

Run 92 11 -9 13 15 -5 3 

Run 93 9 11 15 -13 -7 -1 

Run 94 7 -5 -1 3 9 -15 

Run 95 5 7 -3 -1 11 13 

Run 96 3 -1 5 -7 13 -11 

Run 97 1 3 7 5 15 9 

 

Layer1- Run 1 to Run 97 

Layer2- Run 1 to Run 49 

Layer3- Run 1 to Run 25 

Layer4- Run 1 to Run 13 
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Number of Layers =5 

 Factor 1 Factor 2 

Run 1 -24 8 

Run 2 -8 -24 

Run 3 8 24 

Run 4 24 -8 

Run 5 -48 16 

Run 6 -16 -48 

Run 7 16 48 

Run 8 48 -16 

Run 9 0 0 

Run 10 -28 -20 

Run 11 -20 28 

Run 12 -12 4 

Run 13 -4 -12 

Run 14 28 20 

Run 15 20 -28 

Run 16 12 -4 

Run 17 4 12 

Run 18 -30 26 

Run 19 -26 -30 

Run 20 -22 18 

Run 21 -18 -22 

Run 22 -14 10 

Run 23 -10 -14 

Run 24 -6 2 

Run 25 -2 -6 

Run 26 30 -26 

Run 27 26 30 

Run 28 22 -18 

Run 29 18 22 

Run 30 14 -10 

Run 31 10 14 

Run 32 6 -2 

Run 33 2 6 

Run 34 -31 29 

Run 35 -29 -31 

 Factor 1 Factor 2 Factor 3 

Run 1 -56 -40 -24 

Run 2 -40 56 -8 

Run 3 -24 8 56 

Run 4 -8 -24 40 

Run 5 56 40 24 

Run 6 40 -56 8 

Run 7 24 -8 -56 

Run 8 8 24 -40 

Run 9 -64 -32 0 

Run 10 -48 64 32 

Run 11 -32 -48 -64 

Run 12 -16 48 -32 

Run 13 0 -64 64 

Run 14 16 32 -16 

Run 15 32 0 48 

Run 16 48 16 16 

Run 17 64 -16 -48 

Run 18 -60 52 36 

Run 19 -52 -60 44 

Run 20 -44 36 -52 

Run 21 -36 -44 -60 

Run 22 -28 20 4 

Run 23 -20 -28 12 

Run 24 -12 4 -20 

Run 25 -4 -12 -28 

Run 26 60 -52 -36 

Run 27 52 60 -44 

Run 28 44 -36 52 

Run 29 36 44 60 

Run 30 28 -20 -4 

Run 31 20 28 -12 

Run 32 12 -4 20 

Run 33 4 12 28 

Run 34 -62 58 50 

Run 35 -58 -62 54 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -56 -40 -24 -8 

Run 2 -40 56 -8 24 

Run 3 -24 8 56 -40 

Run 4 -8 -24 40 56 

Run 5 56 40 24 8 

Run 6 40 -56 8 -24 

Run 7 24 -8 -56 40 

Run 8 8 24 -40 -56 

Run 9 -64 -32 0 -48 

Run 10 -48 64 32 16 

Run 11 -32 -48 -64 -16 

Run 12 -16 48 -32 48 

Run 13 0 -64 64 64 

Run 14 16 32 -16 0 

Run 15 32 0 48 -32 

Run 16 48 16 16 -64 

Run 17 64 -16 -48 32 

Run 18 -60 52 36 44 

Run 19 -52 -60 44 -36 

Run 20 -44 36 -52 -60 

Run 21 -36 -44 -60 52 

Run 22 -28 20 4 -12 

Run 23 -20 -28 12 4 

Run 24 -12 4 -20 28 

Run 25 -4 -12 -28 -20 

Run 26 60 -52 -36 -44 

Run 27 52 60 -44 36 

Run 28 44 -36 52 60 

Run 29 36 44 60 -52 

Run 30 28 -20 -4 12 

Run 31 20 28 -12 -4 

Run 32 12 -4 20 -28 

Run 33 4 12 28 20 

Run 34 -62 58 50 54 

Run 35 -58 -62 54 -50 
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Run 36 -27 25 

Run 37 -25 -27 

Run 38 -23 21 

Run 39 -21 -23 

Run 40 -19 17 

Run 41 -17 -19 

Run 42 31 -29 

Run 43 29 31 

Run 44 27 -25 

Run 45 25 27 

Run 46 23 -21 

Run 47 21 23 

Run 48 19 -17 

Run 49 17 19 

Run 50 -15 13 

Run 51 -13 -15 

Run 52 -11 9 

Run 53 -9 -11 

Run 54 -7 5 

Run 55 -5 -7 

Run 56 -3 1 

Run 57 -1 -3 

Run 58 15 -13 

Run 59 13 15 

Run 60 11 -9 

Run 61 9 11 

Run 62 7 -5 

Run 63 5 7 

Run 64 3 -1 

Run 65 1 3 

 

Layer1- Run 1 to Run 65 

Layer2- Run 1 to Run 33  

Layer3- Run 1 to Run 17 

Layer4- Run 1 to Run 9 

Layer5- Run 1 to Run 5 

 

Run 36 -54 50 -58 

Run 37 -50 -54 -62 

Run 38 -46 42 34 

Run 39 -42 -46 38 

Run 40 -38 34 -42 

Run 41 -34 -38 -46 

Run 42 62 -58 -50 

Run 43 58 62 -54 

Run 44 54 -50 58 

Run 45 50 54 62 

Run 46 46 -42 -34 

Run 47 42 46 -38 

Run 48 38 -34 42 

Run 49 34 38 46 

Run 50 -30 26 18 

Run 51 -26 -30 22 

Run 52 -22 18 -26 

Run 53 -18 -22 -30 

Run 54 -14 10 2 

Run 55 -10 -14 6 

Run 56 -6 2 -10 

Run 57 -2 -6 -14 

Run 58 30 -26 -18 

Run 59 26 30 -22 

Run 60 22 -18 26 

Run 61 18 22 30 

Run 62 14 -10 -2 

Run 63 10 14 -6 

Run 64 6 -2 10 

Run 65 2 6 14 

Run 66 -63 61 57 

Run 67 -61 -63 59 

Run 68 -59 57 -61 

Run 69 -57 -59 -63 

Run 70 -55 53 49 

Run 71 -53 -55 51 

Run 72 -51 49 -53 

Run 73 -49 -51 -55 

Run 36 -54 50 -58 -62 

Run 37 -50 -54 -62 58 

Run 38 -46 42 34 -38 

Run 39 -42 -46 38 34 

Run 40 -38 34 -42 46 

Run 41 -34 -38 -46 -42 

Run 42 62 -58 -50 -54 

Run 43 58 62 -54 50 

Run 44 54 -50 58 62 

Run 45 50 54 62 -58 

Run 46 46 -42 -34 38 

Run 47 42 46 -38 -34 

Run 48 38 -34 42 -46 

Run 49 34 38 46 42 

Run 50 -30 26 18 22 

Run 51 -26 -30 22 -18 

Run 52 -22 18 -26 -30 

Run 53 -18 -22 -30 26 

Run 54 -14 10 2 -6 

Run 55 -10 -14 6 2 

Run 56 -6 2 -10 14 

Run 57 -2 -6 -14 -10 

Run 58 30 -26 -18 -22 

Run 59 26 30 -22 18 

Run 60 22 -18 26 30 

Run 61 18 22 30 -26 

Run 62 14 -10 -2 6 

Run 63 10 14 -6 -2 

Run 64 6 -2 10 -14 

Run 65 2 6 14 10 

Run 66 -63 61 57 59 

Run 67 -61 -63 59 -57 

Run 68 -59 57 -61 -63 

Run 69 -57 -59 -63 61 

Run 70 -55 53 49 -51 

Run 71 -53 -55 51 49 

Run 72 -51 49 -53 55 

Run 73 -49 -51 -55 -53 
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Run 74 63 -61 -57 

Run 75 61 63 -59 

Run 76 59 -57 61 

Run 77 57 59 63 

Run 78 55 -53 -49 

Run 79 53 55 -51 

Run 80 51 -49 53 

Run 81 49 51 55 

Run 82 -47 45 41 

Run 83 -45 -47 43 

Run 84 -43 41 -45 

Run 85 -41 -43 -47 

Run 86 -39 37 33 

Run 87 -37 -39 35 

Run 88 -35 33 -37 

Run 89 -33 -35 -39 

Run 90 47 -45 -41 

Run 91 45 47 -43 

Run 92 43 -41 45 

Run 93 41 43 47 

Run 94 39 -37 -33 

Run 95 37 39 -35 

Run 96 35 -33 37 

Run 97 33 35 39 

Run 98 -31 29 25 

Run 99 -29 -31 27 

Run 100 -27 25 -29 

Run 101 -25 -27 -31 

Run 102 -23 21 17 

Run 103 -21 -23 19 

Run 104 -19 17 -21 

Run 105 -17 -19 -23 

Run 106 31 -29 -25 

Run 107 29 31 -27 

Run 108 27 -25 29 

Run 109 25 27 31 

Run 110 23 -21 -17 

Run 111 21 23 -19 

Run 74 63 -61 -57 -59 

Run 75 61 63 -59 57 

Run 76 59 -57 61 63 

Run 77 57 59 63 -61 

Run 78 55 -53 -49 51 

Run 79 53 55 -51 -49 

Run 80 51 -49 53 -55 

Run 81 49 51 55 53 

Run 82 -47 45 41 43 

Run 83 -45 -47 43 -41 

Run 84 -43 41 -45 -47 

Run 85 -41 -43 -47 45 

Run 86 -39 37 33 -35 

Run 87 -37 -39 35 33 

Run 88 -35 33 -37 39 

Run 89 -33 -35 -39 -37 

Run 90 47 -45 -41 -43 

Run 91 45 47 -43 41 

Run 92 43 -41 45 47 

Run 93 41 43 47 -45 

Run 94 39 -37 -33 35 

Run 95 37 39 -35 -33 

Run 96 35 -33 37 -39 

Run 97 33 35 39 37 

Run 98 -31 29 25 27 

Run 99 -29 -31 27 -25 

Run 100 -27 25 -29 -31 

Run 101 -25 -27 -31 29 

Run 102 -23 21 17 -19 

Run 103 -21 -23 19 17 

Run 104 -19 17 -21 23 

Run 105 -17 -19 -23 -21 

Run 106 31 -29 -25 -27 

Run 107 29 31 -27 25 

Run 108 27 -25 29 31 

Run 109 25 27 31 -29 

Run 110 23 -21 -17 19 

Run 111 21 23 -19 -17 
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Run 112 19 -17 21 

Run 113 17 19 23 

Run 114 -15 13 9 

Run 115 -13 -15 11 

Run 116 -11 9 -13 

Run 117 -9 -11 -15 

Run 118 -7 5 1 

Run 119 -5 -7 3 

Run 120 -3 1 -5 

Run 121 -1 -3 -7 

Run 122 15 -13 -9 

Run 123 13 15 -11 

Run 124 11 -9 13 

Run 125 9 11 15 

Run 126 7 -5 -1 

Run 127 5 7 -3 

Run 128 3 -1 5 

Run 129 1 3 7 

 

Layer1- Run 1 to Run 129 

Layer2- Run 1 to Run 65  

Layer3- Run 1 to Run 33 

Layer4- Run 1 to Run 17 

Layer5- Run 1 to Run 9 

 

Run 112 19 -17 21 -23 

Run 113 17 19 23 21 

Run 114 -15 13 9 11 

Run 115 -13 -15 11 -9 

Run 116 -11 9 -13 -15 

Run 117 -9 -11 -15 13 

Run 118 -7 5 1 -3 

Run 119 -5 -7 3 1 

Run 120 -3 1 -5 7 

Run 121 -1 -3 -7 -5 

Run 122 15 -13 -9 -11 

Run 123 13 15 -11 9 

Run 124 11 -9 13 15 

Run 125 9 11 15 -13 

Run 126 7 -5 -1 3 

Run 127 5 7 -3 -1 

Run 128 3 -1 5 -7 

Run 129 1 3 7 5 

 

Layer1- Run 1 to Run 129 

Layer2- Run 1 to Run 65  

Layer3- Run 1 to Run 33 

Layer4- Run 1 to Run 17 

Layer5- Run 1 to Run 9 

 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Run 1 -88 -88 -24 -88 -56 

Run 2 -72 -40 -40 88 72 

Run 3 -56 72 88 -72 -8 

Run 4 -40 8 8 8 8 

Run 5 -24 40 -8 24 88 

Run 6 -8 88 40 56 -40 

Run 7 8 24 -88 40 -88 

Run 8 24 -24 24 -24 24 

Run 9 40 -72 56 72 -72 

Run 10 56 -8 -72 -56 56 

Run 11 72 56 -56 -40 -24 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Run 1 -88 -88 -24 -88 -56 -56 

Run 2 -72 -40 -40 88 72 8 

Run 3 -56 72 88 -72 -8 24 

Run 4 -40 8 8 8 8 88 

Run 5 -24 40 -8 24 88 -72 

Run 6 -8 88 40 56 -40 -24 

Run 7 8 24 -88 40 -88 -40 

Run 8 24 -24 24 -24 24 40 

Run 9 40 -72 56 72 -72 56 

Run 10 56 -8 -72 -56 56 72 

Run 11 72 56 -56 -40 -24 -8 
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Run 12 88 -56 72 -8 40 

Run 13 -96 -96 -96 0 -80 

Run 14 -80 16 64 -16 96 

Run 15 -64 96 -64 80 80 

Run 16 -48 32 96 -64 -96 

Run 17 -32 -32 32 32 -32 

Run 18 -16 48 16 16 -48 

Run 19 0 64 -32 -96 16 

Run 20 16 -64 -80 -32 48 

Run 21 32 -80 80 96 32 

Run 22 48 -48 48 -80 64 

Run 23 64 -16 0 64 -16 

Run 24 80 80 -16 48 -64 

Run 25 96 0 -48 -48 0 

Run 26 60 -20 76 92 -84 

Run 27 76 60 -20 -84 68 

Run 28 -20 76 60 68 92 

Run 29 -92 84 -68 60 -20 

Run 30 84 -68 -92 76 60 

Run 31 -68 -92 84 -20 76 

Run 32 28 -12 -4 44 52 

Run 33 -12 -4 28 52 36 

Run 34 -4 28 -12 36 44 

Run 35 -52 -44 -36 -12 28 

Run 36 -44 -36 -52 28 -4 

Run 37 -36 -52 -44 -4 -12 

Run 38 -60 20 -76 -92 84 

Run 39 -76 -60 20 84 -68 

Run 40 20 -76 -60 -68 -92 

Run 41 92 -84 68 -60 20 

Run 42 -84 68 92 -76 -60 

Run 43 68 92 -84 20 -76 

Run 44 -28 12 4 -44 -52 

Run 45 12 4 -28 -52 -36 

Run 46 4 -28 12 -36 -44 

Run 47 52 44 36 12 -28 

Run 48 44 36 52 -28 4 

Run 49 36 52 44 4 12 

Run 12 88 -56 72 -8 40 -88 

Run 13 -96 -96 -96 0 -80 -16 

Run 14 -80 16 64 -16 96 80 

Run 15 -64 96 -64 80 80 -32 

Run 16 -48 32 96 -64 -96 32 

Run 17 -32 -32 32 32 -32 -64 

Run 18 -16 48 16 16 -48 48 

Run 19 0 64 -32 -96 16 -80 

Run 20 16 -64 -80 -32 48 64 

Run 21 32 -80 80 96 32 16 

Run 22 48 -48 48 -80 64 -96 

Run 23 64 -16 0 64 -16 -48 

Run 24 80 80 -16 48 -64 0 

Run 25 96 0 -48 -48 0 96 

Run 26 60 -20 76 92 -84 68 

Run 27 76 60 -20 -84 68 92 

Run 28 -20 76 60 68 92 -84 

Run 29 -92 84 -68 60 -20 76 

Run 30 84 -68 -92 76 60 -20 

Run 31 -68 -92 84 -20 76 60 

Run 32 28 -12 -4 44 52 36 

Run 33 -12 -4 28 52 36 44 

Run 34 -4 28 -12 36 44 52 

Run 35 -52 -44 -36 -12 28 -4 

Run 36 -44 -36 -52 28 -4 -12 

Run 37 -36 -52 -44 -4 -12 28 

Run 38 -60 20 -76 -92 84 -68 

Run 39 -76 -60 20 84 -68 -92 

Run 40 20 -76 -60 -68 -92 84 

Run 41 92 -84 68 -60 20 -76 

Run 42 -84 68 92 -76 -60 20 

Run 43 68 92 -84 20 -76 -60 

Run 44 -28 12 4 -44 -52 -36 

Run 45 12 4 -28 -52 -36 -44 

Run 46 4 -28 12 -36 -44 -52 

Run 47 52 44 36 12 -28 4 

Run 48 44 36 52 -28 4 12 

Run 49 36 52 44 4 12 -28 
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Run 50 -94 90 82 86 66 

Run 51 -90 -94 86 -82 70 

Run 52 -86 82 -90 -94 74 

Run 53 -82 -86 -94 90 78 

Run 54 -78 74 66 -70 -82 

Run 55 -74 -78 70 66 -86 

Run 56 -70 66 -74 78 -90 

Run 57 -66 -70 -78 -74 -94 

Run 58 94 -90 -82 -86 -66 

Run 59 90 94 -86 82 -70 

Run 60 86 -82 90 94 -74 

Run 61 82 86 94 -90 -78 

Run 62 78 -74 -66 70 82 

Run 63 74 78 -70 -66 86 

Run 64 70 -66 74 -78 90 

Run 65 66 70 78 74 94 

Run 66 -62 58 50 54 34 

Run 67 -58 -62 54 -50 38 

Run 68 -54 50 -58 -62 42 

Run 69 -50 -54 -62 58 46 

Run 70 -46 42 34 -38 -50 

Run 71 -42 -46 38 34 -54 

Run 72 -38 34 -42 46 -58 

Run 73 -34 -38 -46 -42 -62 

Run 74 62 -58 -50 -54 -34 

Run 75 58 62 -54 50 -38 

Run 76 54 -50 58 62 -42 

Run 77 50 54 62 -58 -46 

Run 78 46 -42 -34 38 50 

Run 79 42 46 -38 -34 54 

Run 80 38 -34 42 -46 58 

Run 81 34 38 46 42 62 

Run 82 -30 26 18 22 2 

Run 83 -26 -30 22 -18 6 

Run 84 -22 18 -26 -30 10 

Run 85 -18 -22 -30 26 14 

Run 86 -14 10 2 -6 -18 

Run 87 -10 -14 6 2 -22 

Run 50 -94 90 82 86 66 -78 

Run 51 -90 -94 86 -82 70 74 

Run 52 -86 82 -90 -94 74 -70 

Run 53 -82 -86 -94 90 78 66 

Run 54 -78 74 66 -70 -82 94 

Run 55 -74 -78 70 66 -86 -90 

Run 56 -70 66 -74 78 -90 86 

Run 57 -66 -70 -78 -74 -94 -82 

Run 58 94 -90 -82 -86 -66 78 

Run 59 90 94 -86 82 -70 -74 

Run 60 86 -82 90 94 -74 70 

Run 61 82 86 94 -90 -78 -66 

Run 62 78 -74 -66 70 82 -94 

Run 63 74 78 -70 -66 86 90 

Run 64 70 -66 74 -78 90 -86 

Run 65 66 70 78 74 94 82 

Run 66 -62 58 50 54 34 -46 

Run 67 -58 -62 54 -50 38 42 

Run 68 -54 50 -58 -62 42 -38 

Run 69 -50 -54 -62 58 46 34 

Run 70 -46 42 34 -38 -50 62 

Run 71 -42 -46 38 34 -54 -58 

Run 72 -38 34 -42 46 -58 54 

Run 73 -34 -38 -46 -42 -62 -50 

Run 74 62 -58 -50 -54 -34 46 

Run 75 58 62 -54 50 -38 -42 

Run 76 54 -50 58 62 -42 38 

Run 77 50 54 62 -58 -46 -34 

Run 78 46 -42 -34 38 50 -62 

Run 79 42 46 -38 -34 54 58 

Run 80 38 -34 42 -46 58 -54 

Run 81 34 38 46 42 62 50 

Run 82 -30 26 18 22 2 -14 

Run 83 -26 -30 22 -18 6 10 

Run 84 -22 18 -26 -30 10 -6 

Run 85 -18 -22 -30 26 14 2 

Run 86 -14 10 2 -6 -18 30 

Run 87 -10 -14 6 2 -22 -26 
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Run 88 -6 2 -10 14 -26 

Run 89 -2 -6 -14 -10 -30 

Run 90 30 -26 -18 -22 -2 

Run 91 26 30 -22 18 -6 

Run 92 22 -18 26 30 -10 

Run 93 18 22 30 -26 -14 

Run 94 14 -10 -2 6 18 

Run 95 10 14 -6 -2 22 

Run 96 6 -2 10 -14 26 

Run 97 2 6 14 10 30 

Run 98 -95 93 89 91 81 

Run 99 -93 -95 91 -89 83 

Run 100 -91 89 -93 -95 85 

Run 101 -89 -91 -95 93 87 

Run 102 -87 85 81 -83 -89 

Run 103 -85 -87 83 81 -91 

Run 104 -83 81 -85 87 -93 

Run 105 -81 -83 -87 -85 -95 

Run 106 95 -93 -89 -91 -81 

Run 107 93 95 -91 89 -83 

Run 108 91 -89 93 95 -85 

Run 109 89 91 95 -93 -87 

Run 110 87 -85 -81 83 89 

Run 111 85 87 -83 -81 91 

Run 112 83 -81 85 -87 93 

Run 113 81 83 87 85 95 

Run 114 -79 77 73 75 65 

Run 115 -77 -79 75 -73 67 

Run 116 -75 73 -77 -79 69 

Run 117 -73 -75 -79 77 71 

Run 118 -71 69 65 -67 -73 

Run 119 -69 -71 67 65 -75 

Run 120 -67 65 -69 71 -77 

Run 121 -65 -67 -71 -69 -79 

Run 122 79 -77 -73 -75 -65 

Run 123 77 79 -75 73 -67 

Run 124 75 -73 77 79 -69 

Run 125 73 75 79 -77 -71 

Run 88 -6 2 -10 14 -26 22 

Run 89 -2 -6 -14 -10 -30 -18 

Run 90 30 -26 -18 -22 -2 14 

Run 91 26 30 -22 18 -6 -10 

Run 92 22 -18 26 30 -10 6 

Run 93 18 22 30 -26 -14 -2 

Run 94 14 -10 -2 6 18 -30 

Run 95 10 14 -6 -2 22 26 

Run 96 6 -2 10 -14 26 -22 

Run 97 2 6 14 10 30 18 

Run 98 -95 93 89 91 81 -87 

Run 99 -93 -95 91 -89 83 85 

Run 100 -91 89 -93 -95 85 -83 

Run 101 -89 -91 -95 93 87 81 

Run 102 -87 85 81 -83 -89 95 

Run 103 -85 -87 83 81 -91 -93 

Run 104 -83 81 -85 87 -93 91 

Run 105 -81 -83 -87 -85 -95 -89 

Run 106 95 -93 -89 -91 -81 87 

Run 107 93 95 -91 89 -83 -85 

Run 108 91 -89 93 95 -85 83 

Run 109 89 91 95 -93 -87 -81 

Run 110 87 -85 -81 83 89 -95 

Run 111 85 87 -83 -81 91 93 

Run 112 83 -81 85 -87 93 -91 

Run 113 81 83 87 85 95 89 

Run 114 -79 77 73 75 65 -71 

Run 115 -77 -79 75 -73 67 69 

Run 116 -75 73 -77 -79 69 -67 

Run 117 -73 -75 -79 77 71 65 

Run 118 -71 69 65 -67 -73 79 

Run 119 -69 -71 67 65 -75 -77 

Run 120 -67 65 -69 71 -77 75 

Run 121 -65 -67 -71 -69 -79 -73 

Run 122 79 -77 -73 -75 -65 71 

Run 123 77 79 -75 73 -67 -69 

Run 124 75 -73 77 79 -69 67 

Run 125 73 75 79 -77 -71 -65 
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Run 126 71 -69 -65 67 73 

Run 127 69 71 -67 -65 75 

Run 128 67 -65 69 -71 77 

Run 129 65 67 71 69 79 

Run 130 -63 61 57 59 49 

Run 131 -61 -63 59 -57 51 

Run 132 -59 57 -61 -63 53 

Run 133 -57 -59 -63 61 55 

Run 134 -55 53 49 -51 -57 

Run 135 -53 -55 51 49 -59 

Run 136 -51 49 -53 55 -61 

Run 137 -49 -51 -55 -53 -63 

Run 138 63 -61 -57 -59 -49 

Run 139 61 63 -59 57 -51 

Run 140 59 -57 61 63 -53 

Run 141 57 59 63 -61 -55 

Run 142 55 -53 -49 51 57 

Run 143 53 55 -51 -49 59 

Run 144 51 -49 53 -55 61 

Run 145 49 51 55 53 63 

Run 146 -47 45 41 43 33 

Run 147 -45 -47 43 -41 35 

Run 148 -43 41 -45 -47 37 

Run 149 -41 -43 -47 45 39 

Run 150 -39 37 33 -35 -41 

Run 151 -37 -39 35 33 -43 

Run 152 -35 33 -37 39 -45 

Run 153 -33 -35 -39 -37 -47 

Run 154 47 -45 -41 -43 -33 

Run 155 45 47 -43 41 -35 

Run 156 43 -41 45 47 -37 

Run 157 41 43 47 -45 -39 

Run 158 39 -37 -33 35 41 

Run 159 37 39 -35 -33 43 

Run 160 35 -33 37 -39 45 

Run 161 33 35 39 37 47 

Run 162 -31 29 25 27 17 

Run 163 -29 -31 27 -25 19 

Run 126 71 -69 -65 67 73 -79 

Run 127 69 71 -67 -65 75 77 

Run 128 67 -65 69 -71 77 -75 

Run 129 65 67 71 69 79 73 

Run 130 -63 61 57 59 49 -55 

Run 131 -61 -63 59 -57 51 53 

Run 132 -59 57 -61 -63 53 -51 

Run 133 -57 -59 -63 61 55 49 

Run 134 -55 53 49 -51 -57 63 

Run 135 -53 -55 51 49 -59 -61 

Run 136 -51 49 -53 55 -61 59 

Run 137 -49 -51 -55 -53 -63 -57 

Run 138 63 -61 -57 -59 -49 55 

Run 139 61 63 -59 57 -51 -53 

Run 140 59 -57 61 63 -53 51 

Run 141 57 59 63 -61 -55 -49 

Run 142 55 -53 -49 51 57 -63 

Run 143 53 55 -51 -49 59 61 

Run 144 51 -49 53 -55 61 -59 

Run 145 49 51 55 53 63 57 

Run 146 -47 45 41 43 33 -39 

Run 147 -45 -47 43 -41 35 37 

Run 148 -43 41 -45 -47 37 -35 

Run 149 -41 -43 -47 45 39 33 

Run 150 -39 37 33 -35 -41 47 

Run 151 -37 -39 35 33 -43 -45 

Run 152 -35 33 -37 39 -45 43 

Run 153 -33 -35 -39 -37 -47 -41 

Run 154 47 -45 -41 -43 -33 39 

Run 155 45 47 -43 41 -35 -37 

Run 156 43 -41 45 47 -37 35 

Run 157 41 43 47 -45 -39 -33 

Run 158 39 -37 -33 35 41 -47 

Run 159 37 39 -35 -33 43 45 

Run 160 35 -33 37 -39 45 -43 

Run 161 33 35 39 37 47 41 

Run 162 -31 29 25 27 17 -23 

Run 163 -29 -31 27 -25 19 21 
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Run 164 -27 25 -29 -31 21 

Run 165 -25 -27 -31 29 23 

Run 166 -23 21 17 -19 -25 

Run 167 -21 -23 19 17 -27 

Run 168 -19 17 -21 23 -29 

Run 169 -17 -19 -23 -21 -31 

Run 170 31 -29 -25 -27 -17 

Run 171 29 31 -27 25 -19 

Run 172 27 -25 29 31 -21 

Run 173 25 27 31 -29 -23 

Run 174 23 -21 -17 19 25 

Run 175 21 23 -19 -17 27 

Run 176 19 -17 21 -23 29 

Run 177 17 19 23 21 31 

Run 178 -15 13 9 11 1 

Run 179 -13 -15 11 -9 3 

Run 180 -11 9 -13 -15 5 

Run 181 -9 -11 -15 13 7 

Run 182 -7 5 1 -3 -9 

Run 183 -5 -7 3 1 -11 

Run 184 -3 1 -5 7 -13 

Run 185 -1 -3 -7 -5 -15 

Run 186 15 -13 -9 -11 -1 

Run 187 13 15 -11 9 -3 

Run 188 11 -9 13 15 -5 

Run 189 9 11 15 -13 -7 

Run 190 7 -5 -1 3 9 

Run 191 5 7 -3 -1 11 

Run 192 3 -1 5 -7 13 

Run 193 1 3 7 5 15 

 

Layer1- Run 1 to Run 193 

Layer2- Run 1 to Run 97 

Layer3- Run 1 to Run 49 

Layer4- Run 1 to Run 25 

Layer5- Run 1 to Run 13 

 

Run 164 -27 25 -29 -31 21 -19 

Run 165 -25 -27 -31 29 23 17 

Run 166 -23 21 17 -19 -25 31 

Run 167 -21 -23 19 17 -27 -29 

Run 168 -19 17 -21 23 -29 27 

Run 169 -17 -19 -23 -21 -31 -25 

Run 170 31 -29 -25 -27 -17 23 

Run 171 29 31 -27 25 -19 -21 

Run 172 27 -25 29 31 -21 19 

Run 173 25 27 31 -29 -23 -17 

Run 174 23 -21 -17 19 25 -31 

Run 175 21 23 -19 -17 27 29 

Run 176 19 -17 21 -23 29 -27 

Run 177 17 19 23 21 31 25 

Run 178 -15 13 9 11 1 -7 

Run 179 -13 -15 11 -9 3 5 

Run 180 -11 9 -13 -15 5 -3 

Run 181 -9 -11 -15 13 7 1 

Run 182 -7 5 1 -3 -9 15 

Run 183 -5 -7 3 1 -11 -13 

Run 184 -3 1 -5 7 -13 11 

Run 185 -1 -3 -7 -5 -15 -9 

Run 186 15 -13 -9 -11 -1 7 

Run 187 13 15 -11 9 -3 -5 

Run 188 11 -9 13 15 -5 3 

Run 189 9 11 15 -13 -7 -1 

Run 190 7 -5 -1 3 9 -15 

Run 191 5 7 -3 -1 11 13 

Run 192 3 -1 5 -7 13 -11 

Run 193 1 3 7 5 15 9 

 

 

Layer1- Run 1 to Run 193 

Layer2- Run 1 to Run 97 

Layer3- Run 1 to Run 49 

Layer4- Run 1 to Run 25 

Layer5- Run 1 to Run 13 
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Number of Layers =6 

 

 

 Factor 1 Factor 2 

Run 1 -48 16 

Run 2 -16 -48 

Run 3 16 48 

Run 4 48 -16 

Run 5 -96 32 

Run 6 -32 -96 

Run 7 32 96 

Run 8 96 -32 

Run 9 0 0 

Run 10 -56 -40 

Run 11 -40 56 

Run 12 -24 8 

Run 13 -8 -24 

Run 14 56 40 

Run 15 40 -56 

Run 16 24 -8 

Run 17 8 24 

Run 18 -60 52 

Run 19 -52 -60 

Run 20 -44 36 

Run 21 -36 -44 

Run 22 -28 20 

Run 23 -20 -28 

Run 24 -12 4 

Run 25 -4 -12 

Run 26 60 -52 

Run 27 52 60 

Run 28 44 -36 

Run 29 36 44 

Run 30 28 -20 

Run 31 20 28 

Run 32 12 -4 

Run 33 4 12 

 

 Factor 1 Factor 2 Factor 3 

Run 1 -112 -80 -48 

Run 2 -80 112 -16 

Run 3 -48 16 112 

Run 4 -16 -48 80 

Run 5 112 80 48 

Run 6 80 -112 16 

Run 7 48 -16 -112 

Run 8 16 48 -80 

Run 9 -128 -64 0 

Run 10 -96 128 64 

Run 11 -64 -96 -128 

Run 12 -32 96 -64 

Run 13 0 -128 128 

Run 14 32 64 -32 

Run 15 64 0 96 

Run 16 96 32 32 

Run 17 128 -32 -96 

Run 18 -120 104 72 

Run 19 -104 -120 88 

Run 20 -88 72 -104 

Run 21 -72 -88 -120 

Run 22 -56 40 8 

Run 23 -40 -56 24 

Run 24 -24 8 -40 

Run 25 -8 -24 -56 

Run 26 120 -104 -72 

Run 27 104 120 -88 

Run 28 88 -72 104 

Run 29 72 88 120 

Run 30 56 -40 -8 

Run 31 40 56 -24 

Run 32 24 -8 40 

Run 33 8 24 56 

 

 Factor 1 Factor 2 Factor 3 Factor 4 

Run 1 -112 -80 -48 -16 

Run 2 -80 112 -16 48 

Run 3 -48 16 112 -80 

Run 4 -16 -48 80 112 

Run 5 112 80 48 16 

Run 6 80 -112 16 -48 

Run 7 48 -16 -112 80 

Run 8 16 48 -80 -112 

Run 9 -128 -64 0 -96 

Run 10 -96 128 64 32 

Run 11 -64 -96 -128 -32 

Run 12 -32 96 -64 96 

Run 13 0 -128 128 128 

Run 14 32 64 -32 0 

Run 15 64 0 96 -64 

Run 16 96 32 32 -128 

Run 17 128 -32 -96 64 

Run 18 -120 104 72 88 

Run 19 -104 -120 88 -72 

Run 20 -88 72 -104 -120 

Run 21 -72 -88 -120 104 

Run 22 -56 40 8 -24 

Run 23 -40 -56 24 8 

Run 24 -24 8 -40 56 

Run 25 -8 -24 -56 -40 

Run 26 120 -104 -72 -88 

Run 27 104 120 -88 72 

Run 28 88 -72 104 120 

Run 29 72 88 120 -104 

Run 30 56 -40 -8 24 

Run 31 40 56 -24 -8 

Run 32 24 -8 40 -56 

Run 33 8 24 56 40 
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Run 34 -62 58 

Run 35 -58 -62 

Run 36 -54 50 

Run 37 -50 -54 

Run 38 -46 42 

Run 39 -42 -46 

Run 40 -38 34 

Run 41 -34 -38 

Run 42 62 -58 

Run 43 58 62 

Run 44 54 -50 

Run 45 50 54 

Run 46 46 -42 

Run 47 42 46 

Run 48 38 -34 

Run 49 34 38 

Run 50 -30 26 

Run 51 -26 -30 

Run 52 -22 18 

Run 53 -18 -22 

Run 54 -14 10 

Run 55 -10 -14 

Run 56 -6 2 

Run 57 -2 -6 

Run 58 30 -26 

Run 59 26 30 

Run 60 22 -18 

Run 61 18 22 

Run 62 14 -10 

Run 63 10 14 

Run 64 6 -2 

Run 65 2 6 

Run 66 -63 61 

Run 67 -61 -63 

Run 68 -59 57 

Run 69 -57 -59 

Run 70 -55 53 

Run 71 -53 -55 

Run 34 -124 116 100 

Run 35 -116 -124 108 

Run 36 -108 100 -116 

Run 37 -100 -108 -124 

Run 38 -92 84 68 

Run 39 -84 -92 76 

Run 40 -76 68 -84 

Run 41 -68 -76 -92 

Run 42 124 -116 -100 

Run 43 116 124 -108 

Run 44 108 -100 116 

Run 45 100 108 124 

Run 46 92 -84 -68 

Run 47 84 92 -76 

Run 48 76 -68 84 

Run 49 68 76 92 

Run 50 -60 52 36 

Run 51 -52 -60 44 

Run 52 -44 36 -52 

Run 53 -36 -44 -60 

Run 54 -28 20 4 

Run 55 -20 -28 12 

Run 56 -12 4 -20 

Run 57 -4 -12 -28 

Run 58 60 -52 -36 

Run 59 52 60 -44 

Run 60 44 -36 52 

Run 61 36 44 60 

Run 62 28 -20 -4 

Run 63 20 28 -12 

Run 64 12 -4 20 

Run 65 4 12 28 

Run 66 -126 122 114 

Run 67 -122 -126 118 

Run 68 -118 114 -122 

Run 69 -114 -118 -126 

Run 70 -110 106 98 

Run 71 -106 -110 102 

Run 34 -124 116 100 108 

Run 35 -116 -124 108 -100 

Run 36 -108 100 -116 -124 

Run 37 -100 -108 -124 116 

Run 38 -92 84 68 -76 

Run 39 -84 -92 76 68 

Run 40 -76 68 -84 92 

Run 41 -68 -76 -92 -84 

Run 42 124 -116 -100 -108 

Run 43 116 124 -108 100 

Run 44 108 -100 116 124 

Run 45 100 108 124 -116 

Run 46 92 -84 -68 76 

Run 47 84 92 -76 -68 

Run 48 76 -68 84 -92 

Run 49 68 76 92 84 

Run 50 -60 52 36 44 

Run 51 -52 -60 44 -36 

Run 52 -44 36 -52 -60 

Run 53 -36 -44 -60 52 

Run 54 -28 20 4 -12 

Run 55 -20 -28 12 4 

Run 56 -12 4 -20 28 

Run 57 -4 -12 -28 -20 

Run 58 60 -52 -36 -44 

Run 59 52 60 -44 36 

Run 60 44 -36 52 60 

Run 61 36 44 60 -52 

Run 62 28 -20 -4 12 

Run 63 20 28 -12 -4 

Run 64 12 -4 20 -28 

Run 65 4 12 28 20 

Run 66 -126 122 114 118 

Run 67 -122 -126 118 -114 

Run 68 -118 114 -122 -126 

Run 69 -114 -118 -126 122 

Run 70 -110 106 98 -102 

Run 71 -106 -110 102 98 
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Run 72 -51 49 

Run 73 -49 -51 

Run 74 63 -61 

Run 75 61 63 

Run 76 59 -57 

Run 77 57 59 

Run 78 55 -53 

Run 79 53 55 

Run 80 51 -49 

Run 81 49 51 

Run 82 -47 45 

Run 83 -45 -47 

Run 84 -43 41 

Run 85 -41 -43 

Run 86 -39 37 

Run 87 -37 -39 

Run 88 -35 33 

Run 89 -33 -35 

Run 90 47 -45 

Run 91 45 47 

Run 92 43 -41 

Run 93 41 43 

Run 94 39 -37 

Run 95 37 39 

Run 96 35 -33 

Run 97 33 35 

Run 98 -31 29 

Run 99 -29 -31 

Run 100 -27 25 

Run 101 -25 -27 

Run 102 -23 21 

Run 103 -21 -23 

Run 104 -19 17 

Run 105 -17 -19 

Run 106 31 -29 

Run 107 29 31 

Run 108 27 -25 

Run 109 25 27 

Run 72 -102 98 -106 

Run 73 -98 -102 -110 

Run 74 126 -122 -114 

Run 75 122 126 -118 

Run 76 118 -114 122 

Run 77 114 118 126 

Run 78 110 -106 -98 

Run 79 106 110 -102 

Run 80 102 -98 106 

Run 81 98 102 110 

Run 82 -94 90 82 

Run 83 -90 -94 86 

Run 84 -86 82 -90 

Run 85 -82 -86 -94 

Run 86 -78 74 66 

Run 87 -74 -78 70 

Run 88 -70 66 -74 

Run 89 -66 -70 -78 

Run 90 94 -90 -82 

Run 91 90 94 -86 

Run 92 86 -82 90 

Run 93 82 86 94 

Run 94 78 -74 -66 

Run 95 74 78 -70 

Run 96 70 -66 74 

Run 97 66 70 78 

Run 98 -62 58 50 

Run 99 -58 -62 54 

Run 100 -54 50 -58 

Run 101 -50 -54 -62 

Run 102 -46 42 34 

Run 103 -42 -46 38 

Run 104 -38 34 -42 

Run 105 -34 -38 -46 

Run 106 62 -58 -50 

Run 107 58 62 -54 

Run 108 54 -50 58 

Run 109 50 54 62 

Run 72 -102 98 -106 110 

Run 73 -98 -102 -110 -106 

Run 74 126 -122 -114 -118 

Run 75 122 126 -118 114 

Run 76 118 -114 122 126 

Run 77 114 118 126 -122 

Run 78 110 -106 -98 102 

Run 79 106 110 -102 -98 

Run 80 102 -98 106 -110 

Run 81 98 102 110 106 

Run 82 -94 90 82 86 

Run 83 -90 -94 86 -82 

Run 84 -86 82 -90 -94 

Run 85 -82 -86 -94 90 

Run 86 -78 74 66 -70 

Run 87 -74 -78 70 66 

Run 88 -70 66 -74 78 

Run 89 -66 -70 -78 -74 

Run 90 94 -90 -82 -86 

Run 91 90 94 -86 82 

Run 92 86 -82 90 94 

Run 93 82 86 94 -90 

Run 94 78 -74 -66 70 

Run 95 74 78 -70 -66 

Run 96 70 -66 74 -78 

Run 97 66 70 78 74 

Run 98 -62 58 50 54 

Run 99 -58 -62 54 -50 

Run 100 -54 50 -58 -62 

Run 101 -50 -54 -62 58 

Run 102 -46 42 34 -38 

Run 103 -42 -46 38 34 

Run 104 -38 34 -42 46 

Run 105 -34 -38 -46 -42 

Run 106 62 -58 -50 -54 

Run 107 58 62 -54 50 

Run 108 54 -50 58 62 

Run 109 50 54 62 -58 
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Run 110 23 -21 

Run 111 21 23 

Run 112 19 -17 

Run 113 17 19 

Run 114 -15 13 

Run 115 -13 -15 

Run 116 -11 9 

Run 117 -9 -11 

Run 118 -7 5 

Run 119 -5 -7 

Run 120 -3 1 

Run 121 -1 -3 

Run 122 15 -13 

Run 123 13 15 

Run 124 11 -9 

Run 125 9 11 

Run 126 7 -5 

Run 127 5 7 

Run 128 3 -1 

Run 129 1 3 

 

Layer1- Run 1 to Run 129 

Layer2- Run 1 to Run 65 

Layer3- Run 1 to Run 33 

Layer4- Run 1 to Run 17 

Layer5- Run 1 to Run 9 

Layer6- Run 1 to Run 5 

 

Run 110 46 -42 -34 

Run 111 42 46 -38 

Run 112 38 -34 42 

Run 113 34 38 46 

Run 114 -30 26 18 

Run 115 -26 -30 22 

Run 116 -22 18 -26 

Run 117 -18 -22 -30 

Run 118 -14 10 2 

Run 119 -10 -14 6 

Run 120 -6 2 -10 

Run 121 -2 -6 -14 

Run 122 30 -26 -18 

Run 123 26 30 -22 

Run 124 22 -18 26 

Run 125 18 22 30 

Run 126 14 -10 -2 

Run 127 10 14 -6 

Run 128 6 -2 10 

Run 129 2 6 14 

Run 130 -127 125 121 

Run 131 -125 -127 123 

Run 132 -123 121 -125 

Run 133 -121 -123 -127 

Run 134 -119 117 113 

Run 135 -117 -119 115 

Run 136 -115 113 -117 

Run 137 -113 -115 -119 

Run 138 127 -125 -121 

Run 139 125 127 -123 

Run 140 123 -121 125 

Run 141 121 123 127 

Run 142 119 -117 -113 

Run 143 117 119 -115 

Run 144 115 -113 117 

Run 145 113 115 119 

Run 146 -111 109 105 

Run 147 -109 -111 107 

Run 110 46 -42 -34 38 

Run 111 42 46 -38 -34 

Run 112 38 -34 42 -46 

Run 113 34 38 46 42 

Run 114 -30 26 18 22 

Run 115 -26 -30 22 -18 

Run 116 -22 18 -26 -30 

Run 117 -18 -22 -30 26 

Run 118 -14 10 2 -6 

Run 119 -10 -14 6 2 

Run 120 -6 2 -10 14 

Run 121 -2 -6 -14 -10 

Run 122 30 -26 -18 -22 

Run 123 26 30 -22 18 

Run 124 22 -18 26 30 

Run 125 18 22 30 -26 

Run 126 14 -10 -2 6 

Run 127 10 14 -6 -2 

Run 128 6 -2 10 -14 

Run 129 2 6 14 10 

Run 130 -127 125 121 123 

Run 131 -125 -127 123 -121 

Run 132 -123 121 -125 -127 

Run 133 -121 -123 -127 125 

Run 134 -119 117 113 -115 

Run 135 -117 -119 115 113 

Run 136 -115 113 -117 119 

Run 137 -113 -115 -119 -117 

Run 138 127 -125 -121 -123 

Run 139 125 127 -123 121 

Run 140 123 -121 125 127 

Run 141 121 123 127 -125 

Run 142 119 -117 -113 115 

Run 143 117 119 -115 -113 

Run 144 115 -113 117 -119 

Run 145 113 115 119 117 

Run 146 -111 109 105 107 

Run 147 -109 -111 107 -105 
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Run 148 -107 105 -109 

Run 149 -105 -107 -111 

Run 150 -103 101 97 

Run 151 -101 -103 99 

Run 152 -99 97 -101 

Run 153 -97 -99 -103 

Run 154 111 -109 -105 

Run 155 109 111 -107 

Run 156 107 -105 109 

Run 157 105 107 111 

Run 158 103 -101 -97 

Run 159 101 103 -99 

Run 160 99 -97 101 

Run 161 97 99 103 

Run 162 -95 93 89 

Run 163 -93 -95 91 

Run 164 -91 89 -93 

Run 165 -89 -91 -95 

Run 166 -87 85 81 

Run 167 -85 -87 83 

Run 168 -83 81 -85 

Run 169 -81 -83 -87 

Run 170 95 -93 -89 

Run 171 93 95 -91 

Run 172 91 -89 93 

Run 173 89 91 95 

Run 174 87 -85 -81 

Run 175 85 87 -83 

Run 176 83 -81 85 

Run 177 81 83 87 

Run 178 -79 77 73 

Run 179 -77 -79 75 

Run 180 -75 73 -77 

Run 181 -73 -75 -79 

Run 182 -71 69 65 

Run 183 -69 -71 67 

Run 184 -67 65 -69 

Run 185 -65 -67 -71 

Run 148 -107 105 -109 -111 

Run 149 -105 -107 -111 109 

Run 150 -103 101 97 -99 

Run 151 -101 -103 99 97 

Run 152 -99 97 -101 103 

Run 153 -97 -99 -103 -101 

Run 154 111 -109 -105 -107 

Run 155 109 111 -107 105 

Run 156 107 -105 109 111 

Run 157 105 107 111 -109 

Run 158 103 -101 -97 99 

Run 159 101 103 -99 -97 

Run 160 99 -97 101 -103 

Run 161 97 99 103 101 

Run 162 -95 93 89 91 

Run 163 -93 -95 91 -89 

Run 164 -91 89 -93 -95 

Run 165 -89 -91 -95 93 

Run 166 -87 85 81 -83 

Run 167 -85 -87 83 81 

Run 168 -83 81 -85 87 

Run 169 -81 -83 -87 -85 

Run 170 95 -93 -89 -91 

Run 171 93 95 -91 89 

Run 172 91 -89 93 95 

Run 173 89 91 95 -93 

Run 174 87 -85 -81 83 

Run 175 85 87 -83 -81 

Run 176 83 -81 85 -87 

Run 177 81 83 87 85 

Run 178 -79 77 73 75 

Run 179 -77 -79 75 -73 

Run 180 -75 73 -77 -79 

Run 181 -73 -75 -79 77 

Run 182 -71 69 65 -67 

Run 183 -69 -71 67 65 

Run 184 -67 65 -69 71 

Run 185 -65 -67 -71 -69 
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Run 186 79 -77 -73 

Run 187 77 79 -75 

Run 188 75 -73 77 

Run 189 73 75 79 

Run 190 71 -69 -65 

Run 191 69 71 -67 

Run 192 67 -65 69 

Run 193 65 67 71 

Run 194 -63 61 57 

Run 195 -61 -63 59 

Run 196 -59 57 -61 

Run 197 -57 -59 -63 

Run 198 -55 53 49 

Run 199 -53 -55 51 

Run 200 -51 49 -53 

Run 201 -49 -51 -55 

Run 202 63 -61 -57 

Run 203 61 63 -59 

Run 204 59 -57 61 

Run 205 57 59 63 

Run 206 55 -53 -49 

Run 207 53 55 -51 

Run 208 51 -49 53 

Run 209 49 51 55 

Run 210 -47 45 41 

Run 211 -45 -47 43 

Run 212 -43 41 -45 

Run 213 -41 -43 -47 

Run 214 -39 37 33 

Run 215 -37 -39 35 

Run 216 -35 33 -37 

Run 217 -33 -35 -39 

Run 218 47 -45 -41 

Run 219 45 47 -43 

Run 220 43 -41 45 

Run 221 41 43 47 

Run 222 39 -37 -33 

Run 223 37 39 -35 

Run 186 79 -77 -73 -75 

Run 187 77 79 -75 73 

Run 188 75 -73 77 79 

Run 189 73 75 79 -77 

Run 190 71 -69 -65 67 

Run 191 69 71 -67 -65 

Run 192 67 -65 69 -71 

Run 193 65 67 71 69 

Run 194 -63 61 57 59 

Run 195 -61 -63 59 -57 

Run 196 -59 57 -61 -63 

Run 197 -57 -59 -63 61 

Run 198 -55 53 49 -51 

Run 199 -53 -55 51 49 

Run 200 -51 49 -53 55 

Run 201 -49 -51 -55 -53 

Run 202 63 -61 -57 -59 

Run 203 61 63 -59 57 

Run 204 59 -57 61 63 

Run 205 57 59 63 -61 

Run 206 55 -53 -49 51 

Run 207 53 55 -51 -49 

Run 208 51 -49 53 -55 

Run 209 49 51 55 53 

Run 210 -47 45 41 43 

Run 211 -45 -47 43 -41 

Run 212 -43 41 -45 -47 

Run 213 -41 -43 -47 45 

Run 214 -39 37 33 -35 

Run 215 -37 -39 35 33 

Run 216 -35 33 -37 39 

Run 217 -33 -35 -39 -37 

Run 218 47 -45 -41 -43 

Run 219 45 47 -43 41 

Run 220 43 -41 45 47 

Run 221 41 43 47 -45 

Run 222 39 -37 -33 35 

Run 223 37 39 -35 -33 
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Run 224 35 -33 37 

Run 225 33 35 39 

Run 226 -31 29 25 

Run 227 -29 -31 27 

Run 228 -27 25 -29 

Run 229 -25 -27 -31 

Run 230 -23 21 17 

Run 231 -21 -23 19 

Run 232 -19 17 -21 

Run 233 -17 -19 -23 

Run 234 31 -29 -25 

Run 235 29 31 -27 

Run 236 27 -25 29 

Run 237 25 27 31 

Run 238 23 -21 -17 

Run 239 21 23 -19 

Run 240 19 -17 21 

Run 241 17 19 23 

Run 242 -15 13 9 

Run 243 -13 -15 11 

Run 244 -11 9 -13 

Run 245 -9 -11 -15 

Run 246 -7 5 1 

Run 247 -5 -7 3 

Run 248 -3 1 -5 

Run 249 -1 -3 -7 

Run 250 15 -13 -9 

Run 251 13 15 -11 

Run 252 11 -9 13 

Run 253 9 11 15 

Run 254 7 -5 -1 

Run 255 5 7 -3 

Run 256 3 -1 5 

Run 257 1 3 7 

 

Layer1- Run 1 to Run 257 

Layer2- Run 1 to Run 129 

Layer3- Run 1 to Run 65 

Layer4- Run 1 to Run 33 

Run 224 35 -33 37 -39 

Run 225 33 35 39 37 

Run 226 -31 29 25 27 

Run 227 -29 -31 27 -25 

Run 228 -27 25 -29 -31 

Run 229 -25 -27 -31 29 

Run 230 -23 21 17 -19 

Run 231 -21 -23 19 17 

Run 232 -19 17 -21 23 

Run 233 -17 -19 -23 -21 

Run 234 31 -29 -25 -27 

Run 235 29 31 -27 25 

Run 236 27 -25 29 31 

Run 237 25 27 31 -29 

Run 238 23 -21 -17 19 

Run 239 21 23 -19 -17 

Run 240 19 -17 21 -23 

Run 241 17 19 23 21 

Run 242 -15 13 9 11 

Run 243 -13 -15 11 -9 

Run 244 -11 9 -13 -15 

Run 245 -9 -11 -15 13 

Run 246 -7 5 1 -3 

Run 247 -5 -7 3 1 

Run 248 -3 1 -5 7 

Run 249 -1 -3 -7 -5 

Run 250 15 -13 -9 -11 

Run 251 13 15 -11 9 

Run 252 11 -9 13 15 

Run 253 9 11 15 -13 

Run 254 7 -5 -1 3 

Run 255 5 7 -3 -1 

Run 256 3 -1 5 -7 

Run 257 1 3 7 5 

 

Layer1- Run 1 to Run 257 

Layer2- Run 1 to Run 129 

Layer3- Run 1 to Run 65 

Layer4- Run 1 to Run 33 
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 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Run 1 -176 -176 -48 -176 -112 

Run 2 -144 -80 -80 176 144 

Run 3 -112 144 176 -144 -16 

Run 4 -80 16 16 16 16 

Run 5 -48 80 -16 48 176 

Run 6 -16 176 80 112 -80 

Run 7 16 48 -176 80 -176 

Run 8 48 -48 48 -48 48 

Run 9 80 -144 112 144 -144 

Run 10 112 -16 -144 -112 112 

Run 11 144 112 -112 -80 -48 

Run 12 176 -112 144 -16 80 

Run 13 -192 -192 -192 0 -160 

Run 14 -160 32 128 -32 192 

Run 15 -128 192 -128 160 160 

Run 16 -96 64 192 -128 -192 

Run 17 -64 -64 64 64 -64 

Run 18 -32 96 32 32 -96 

Run 19 0 128 -64 -192 32 

Run 20 32 -128 -160 -64 96 

Run 21 64 -160 160 192 64 

Run 22 96 -96 96 -160 128 

Run 23 128 -32 0 128 -32 

Run 24 160 160 -32 96 -128 

Run 25 192 0 -96 -96 0 

Run 26 120 -40 152 184 -168 

Run 27 152 120 -40 -168 136 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 

Run 1 -176 -176 -48 -176 -112 -112 

Run 2 -144 -80 -80 176 144 16 

Run 3 -112 144 176 -144 -16 48 

Run 4 -80 16 16 16 16 176 

Run 5 -48 80 -16 48 176 -144 

Run 6 -16 176 80 112 -80 -48 

Run 7 16 48 -176 80 -176 -80 

Run 8 48 -48 48 -48 48 80 

Run 9 80 -144 112 144 -144 112 

Run 10 112 -16 -144 -112 112 144 

Run 11 144 112 -112 -80 -48 -16 

Run 12 176 -112 144 -16 80 -176 

Run 13 -192 -192 -192 0 -160 -32 

Run 14 -160 32 128 -32 192 160 

Run 15 -128 192 -128 160 160 -64 

Run 16 -96 64 192 -128 -192 64 

Run 17 -64 -64 64 64 -64 -128 

Run 18 -32 96 32 32 -96 96 

Run 19 0 128 -64 -192 32 -160 

Run 20 32 -128 -160 -64 96 128 

Run 21 64 -160 160 192 64 32 

Run 22 96 -96 96 -160 128 -192 

Run 23 128 -32 0 128 -32 -96 

Run 24 160 160 -32 96 -128 0 

Run 25 192 0 -96 -96 0 192 

Run 26 120 -40 152 184 -168 136 

Run 27 152 120 -40 -168 136 184 

Layer5- Run 1 to Run 17 

Layer6- Run 1 to Run 9 

 

Layer5- Run 1 to Run 17 

Layer6- Run 1 to Run 9 
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Run 28 -40 152 120 136 184 

Run 29 -184 168 -136 120 -40 

Run 30 168 -136 -184 152 120 

Run 31 -136 -184 168 -40 152 

Run 32 56 -24 -8 88 104 

Run 33 -24 -8 56 104 72 

Run 34 -8 56 -24 72 88 

Run 35 -104 -88 -72 -24 56 

Run 36 -88 -72 -104 56 -8 

Run 37 -72 -104 -88 -8 -24 

Run 38 -120 40 -152 -184 168 

Run 39 -152 -120 40 168 -136 

Run 40 40 -152 -120 -136 -184 

Run 41 184 -168 136 -120 40 

Run 42 -168 136 184 -152 -120 

Run 43 136 184 -168 40 -152 

Run 44 -56 24 8 -88 -104 

Run 45 24 8 -56 -104 -72 

Run 46 8 -56 24 -72 -88 

Run 47 104 88 72 24 -56 

Run 48 88 72 104 -56 8 

Run 49 72 104 88 8 24 

Run 50 -188 180 164 172 132 

Run 51 -180 -188 172 -164 140 

Run 52 -172 164 -180 -188 148 

Run 53 -164 -172 -188 180 156 

Run 54 -156 148 132 -140 -164 

Run 55 -148 -156 140 132 -172 

Run 56 -140 132 -148 156 -180 

Run 57 -132 -140 -156 -148 -188 

Run 58 188 -180 -164 -172 -132 

Run 59 180 188 -172 164 -140 

Run 60 172 -164 180 188 -148 

Run 61 164 172 188 -180 -156 

Run 62 156 -148 -132 140 164 

Run 63 148 156 -140 -132 172 

Run 64 140 -132 148 -156 180 

Run 65 132 140 156 148 188 

Run 28 -40 152 120 136 184 -168 

Run 29 -184 168 -136 120 -40 152 

Run 30 168 -136 -184 152 120 -40 

Run 31 -136 -184 168 -40 152 120 

Run 32 56 -24 -8 88 104 72 

Run 33 -24 -8 56 104 72 88 

Run 34 -8 56 -24 72 88 104 

Run 35 -104 -88 -72 -24 56 -8 

Run 36 -88 -72 -104 56 -8 -24 

Run 37 -72 -104 -88 -8 -24 56 

Run 38 -120 40 -152 -184 168 -136 

Run 39 -152 -120 40 168 -136 -184 

Run 40 40 -152 -120 -136 -184 168 

Run 41 184 -168 136 -120 40 -152 

Run 42 -168 136 184 -152 -120 40 

Run 43 136 184 -168 40 -152 -120 

Run 44 -56 24 8 -88 -104 -72 

Run 45 24 8 -56 -104 -72 -88 

Run 46 8 -56 24 -72 -88 -104 

Run 47 104 88 72 24 -56 8 

Run 48 88 72 104 -56 8 24 

Run 49 72 104 88 8 24 -56 

Run 50 -188 180 164 172 132 -156 

Run 51 -180 -188 172 -164 140 148 

Run 52 -172 164 -180 -188 148 -140 

Run 53 -164 -172 -188 180 156 132 

Run 54 -156 148 132 -140 -164 188 

Run 55 -148 -156 140 132 -172 -180 

Run 56 -140 132 -148 156 -180 172 

Run 57 -132 -140 -156 -148 -188 -164 

Run 58 188 -180 -164 -172 -132 156 

Run 59 180 188 -172 164 -140 -148 

Run 60 172 -164 180 188 -148 140 

Run 61 164 172 188 -180 -156 -132 

Run 62 156 -148 -132 140 164 -188 

Run 63 148 156 -140 -132 172 180 

Run 64 140 -132 148 -156 180 -172 

Run 65 132 140 156 148 188 164 
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Run 66 -124 116 100 108 68 

Run 67 -116 -124 108 -100 76 

Run 68 -108 100 -116 -124 84 

Run 69 -100 -108 -124 116 92 

Run 70 -92 84 68 -76 -100 

Run 71 -84 -92 76 68 -108 

Run 72 -76 68 -84 92 -116 

Run 73 -68 -76 -92 -84 -124 

Run 74 124 -116 -100 -108 -68 

Run 75 116 124 -108 100 -76 

Run 76 108 -100 116 124 -84 

Run 77 100 108 124 -116 -92 

Run 78 92 -84 -68 76 100 

Run 79 84 92 -76 -68 108 

Run 80 76 -68 84 -92 116 

Run 81 68 76 92 84 124 

Run 82 -60 52 36 44 4 

Run 83 -52 -60 44 -36 12 

Run 84 -44 36 -52 -60 20 

Run 85 -36 -44 -60 52 28 

Run 86 -28 20 4 -12 -36 

Run 87 -20 -28 12 4 -44 

Run 88 -12 4 -20 28 -52 

Run 89 -4 -12 -28 -20 -60 

Run 90 60 -52 -36 -44 -4 

Run 91 52 60 -44 36 -12 

Run 92 44 -36 52 60 -20 

Run 93 36 44 60 -52 -28 

Run 94 28 -20 -4 12 36 

Run 95 20 28 -12 -4 44 

Run 96 12 -4 20 -28 52 

Run 97 4 12 28 20 60 

Run 98 -190 186 178 182 162 

Run 99 -186 -190 182 -178 166 

Run 100 -182 178 -186 -190 170 

Run 101 -178 -182 -190 186 174 

Run 102 -174 170 162 -166 -178 

Run 103 -170 -174 166 162 -182 

Run 66 -124 116 100 108 68 -92 

Run 67 -116 -124 108 -100 76 84 

Run 68 -108 100 -116 -124 84 -76 

Run 69 -100 -108 -124 116 92 68 

Run 70 -92 84 68 -76 -100 124 

Run 71 -84 -92 76 68 -108 -116 

Run 72 -76 68 -84 92 -116 108 

Run 73 -68 -76 -92 -84 -124 -100 

Run 74 124 -116 -100 -108 -68 92 

Run 75 116 124 -108 100 -76 -84 

Run 76 108 -100 116 124 -84 76 

Run 77 100 108 124 -116 -92 -68 

Run 78 92 -84 -68 76 100 -124 

Run 79 84 92 -76 -68 108 116 

Run 80 76 -68 84 -92 116 -108 

Run 81 68 76 92 84 124 100 

Run 82 -60 52 36 44 4 -28 

Run 83 -52 -60 44 -36 12 20 

Run 84 -44 36 -52 -60 20 -12 

Run 85 -36 -44 -60 52 28 4 

Run 86 -28 20 4 -12 -36 60 

Run 87 -20 -28 12 4 -44 -52 

Run 88 -12 4 -20 28 -52 44 

Run 89 -4 -12 -28 -20 -60 -36 

Run 90 60 -52 -36 -44 -4 28 

Run 91 52 60 -44 36 -12 -20 

Run 92 44 -36 52 60 -20 12 

Run 93 36 44 60 -52 -28 -4 

Run 94 28 -20 -4 12 36 -60 

Run 95 20 28 -12 -4 44 52 

Run 96 12 -4 20 -28 52 -44 

Run 97 4 12 28 20 60 36 

Run 98 -190 186 178 182 162 -174 

Run 99 -186 -190 182 -178 166 170 

Run 100 -182 178 -186 -190 170 -166 

Run 101 -178 -182 -190 186 174 162 

Run 102 -174 170 162 -166 -178 190 

Run 103 -170 -174 166 162 -182 -186 
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Run 104 -166 162 -170 174 -186 

Run 105 -162 -166 -174 -170 -190 

Run 106 190 -186 -178 -182 -162 

Run 107 186 190 -182 178 -166 

Run 108 182 -178 186 190 -170 

Run 109 178 182 190 -186 -174 

Run 110 174 -170 -162 166 178 

Run 111 170 174 -166 -162 182 

Run 112 166 -162 170 -174 186 

Run 113 162 166 174 170 190 

Run 114 -158 154 146 150 130 

Run 115 -154 -158 150 -146 134 

Run 116 -150 146 -154 -158 138 

Run 117 -146 -150 -158 154 142 

Run 118 -142 138 130 -134 -146 

Run 119 -138 -142 134 130 -150 

Run 120 -134 130 -138 142 -154 

Run 121 -130 -134 -142 -138 -158 

Run 122 158 -154 -146 -150 -130 

Run 123 154 158 -150 146 -134 

Run 124 150 -146 154 158 -138 

Run 125 146 150 158 -154 -142 

Run 126 142 -138 -130 134 146 

Run 127 138 142 -134 -130 150 

Run 128 134 -130 138 -142 154 

Run 129 130 134 142 138 158 

Run 130 -126 122 114 118 98 

Run 131 -122 -126 118 -114 102 

Run 132 -118 114 -122 -126 106 

Run 133 -114 -118 -126 122 110 

Run 134 -110 106 98 -102 -114 

Run 135 -106 -110 102 98 -118 

Run 136 -102 98 -106 110 -122 

Run 137 -98 -102 -110 -106 -126 

Run 138 126 -122 -114 -118 -98 

Run 139 122 126 -118 114 -102 

Run 140 118 -114 122 126 -106 

Run 141 114 118 126 -122 -110 

Run 104 -166 162 -170 174 -186 182 

Run 105 -162 -166 -174 -170 -190 -178 

Run 106 190 -186 -178 -182 -162 174 

Run 107 186 190 -182 178 -166 -170 

Run 108 182 -178 186 190 -170 166 

Run 109 178 182 190 -186 -174 -162 

Run 110 174 -170 -162 166 178 -190 

Run 111 170 174 -166 -162 182 186 

Run 112 166 -162 170 -174 186 -182 

Run 113 162 166 174 170 190 178 

Run 114 -158 154 146 150 130 -142 

Run 115 -154 -158 150 -146 134 138 

Run 116 -150 146 -154 -158 138 -134 

Run 117 -146 -150 -158 154 142 130 

Run 118 -142 138 130 -134 -146 158 

Run 119 -138 -142 134 130 -150 -154 

Run 120 -134 130 -138 142 -154 150 

Run 121 -130 -134 -142 -138 -158 -146 

Run 122 158 -154 -146 -150 -130 142 

Run 123 154 158 -150 146 -134 -138 

Run 124 150 -146 154 158 -138 134 

Run 125 146 150 158 -154 -142 -130 

Run 126 142 -138 -130 134 146 -158 

Run 127 138 142 -134 -130 150 154 

Run 128 134 -130 138 -142 154 -150 

Run 129 130 134 142 138 158 146 

Run 130 -126 122 114 118 98 -110 

Run 131 -122 -126 118 -114 102 106 

Run 132 -118 114 -122 -126 106 -102 

Run 133 -114 -118 -126 122 110 98 

Run 134 -110 106 98 -102 -114 126 

Run 135 -106 -110 102 98 -118 -122 

Run 136 -102 98 -106 110 -122 118 

Run 137 -98 -102 -110 -106 -126 -114 

Run 138 126 -122 -114 -118 -98 110 

Run 139 122 126 -118 114 -102 -106 

Run 140 118 -114 122 126 -106 102 

Run 141 114 118 126 -122 -110 -98 
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Run 142 110 -106 -98 102 114 

Run 143 106 110 -102 -98 118 

Run 144 102 -98 106 -110 122 

Run 145 98 102 110 106 126 

Run 146 -94 90 82 86 66 

Run 147 -90 -94 86 -82 70 

Run 148 -86 82 -90 -94 74 

Run 149 -82 -86 -94 90 78 

Run 150 -78 74 66 -70 -82 

Run 151 -74 -78 70 66 -86 

Run 152 -70 66 -74 78 -90 

Run 153 -66 -70 -78 -74 -94 

Run 154 94 -90 -82 -86 -66 

Run 155 90 94 -86 82 -70 

Run 156 86 -82 90 94 -74 

Run 157 82 86 94 -90 -78 

Run 158 78 -74 -66 70 82 

Run 159 74 78 -70 -66 86 

Run 160 70 -66 74 -78 90 

Run 161 66 70 78 74 94 

Run 162 -62 58 50 54 34 

Run 163 -58 -62 54 -50 38 

Run 164 -54 50 -58 -62 42 

Run 165 -50 -54 -62 58 46 

Run 166 -46 42 34 -38 -50 

Run 167 -42 -46 38 34 -54 

Run 168 -38 34 -42 46 -58 

Run 169 -34 -38 -46 -42 -62 

Run 170 62 -58 -50 -54 -34 

Run 171 58 62 -54 50 -38 

Run 172 54 -50 58 62 -42 

Run 173 50 54 62 -58 -46 

Run 174 46 -42 -34 38 50 

Run 175 42 46 -38 -34 54 

Run 176 38 -34 42 -46 58 

Run 177 34 38 46 42 62 

Run 178 -30 26 18 22 2 

Run 179 -26 -30 22 -18 6 

Run 142 110 -106 -98 102 114 -126 

Run 143 106 110 -102 -98 118 122 

Run 144 102 -98 106 -110 122 -118 

Run 145 98 102 110 106 126 114 

Run 146 -94 90 82 86 66 -78 

Run 147 -90 -94 86 -82 70 74 

Run 148 -86 82 -90 -94 74 -70 

Run 149 -82 -86 -94 90 78 66 

Run 150 -78 74 66 -70 -82 94 

Run 151 -74 -78 70 66 -86 -90 

Run 152 -70 66 -74 78 -90 86 

Run 153 -66 -70 -78 -74 -94 -82 

Run 154 94 -90 -82 -86 -66 78 

Run 155 90 94 -86 82 -70 -74 

Run 156 86 -82 90 94 -74 70 

Run 157 82 86 94 -90 -78 -66 

Run 158 78 -74 -66 70 82 -94 

Run 159 74 78 -70 -66 86 90 

Run 160 70 -66 74 -78 90 -86 

Run 161 66 70 78 74 94 82 

Run 162 -62 58 50 54 34 -46 

Run 163 -58 -62 54 -50 38 42 

Run 164 -54 50 -58 -62 42 -38 

Run 165 -50 -54 -62 58 46 34 

Run 166 -46 42 34 -38 -50 62 

Run 167 -42 -46 38 34 -54 -58 

Run 168 -38 34 -42 46 -58 54 

Run 169 -34 -38 -46 -42 -62 -50 

Run 170 62 -58 -50 -54 -34 46 

Run 171 58 62 -54 50 -38 -42 

Run 172 54 -50 58 62 -42 38 

Run 173 50 54 62 -58 -46 -34 

Run 174 46 -42 -34 38 50 -62 

Run 175 42 46 -38 -34 54 58 

Run 176 38 -34 42 -46 58 -54 

Run 177 34 38 46 42 62 50 

Run 178 -30 26 18 22 2 -14 

Run 179 -26 -30 22 -18 6 10 
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Run 180 -22 18 -26 -30 10 

Run 181 -18 -22 -30 26 14 

Run 182 -14 10 2 -6 -18 

Run 183 -10 -14 6 2 -22 

Run 184 -6 2 -10 14 -26 

Run 185 -2 -6 -14 -10 -30 

Run 186 30 -26 -18 -22 -2 

Run 187 26 30 -22 18 -6 

Run 188 22 -18 26 30 -10 

Run 189 18 22 30 -26 -14 

Run 190 14 -10 -2 6 18 

Run 191 10 14 -6 -2 22 

Run 192 6 -2 10 -14 26 

Run 193 2 6 14 10 30 

Run 194 -191 189 185 187 177 

Run 195 -189 -191 187 -185 179 

Run 196 -187 185 -189 -191 181 

Run 197 -185 -187 -191 189 183 

Run 198 -183 181 177 -179 -185 

Run 199 -181 -183 179 177 -187 

Run 200 -179 177 -181 183 -189 

Run 201 -177 -179 -183 -181 -191 

Run 202 191 -189 -185 -187 -177 

Run 203 189 191 -187 185 -179 

Run 204 187 -185 189 191 -181 

Run 205 185 187 191 -189 -183 

Run 206 183 -181 -177 179 185 

Run 207 181 183 -179 -177 187 

Run 208 179 -177 181 -183 189 

Run 209 177 179 183 181 191 

Run 210 -175 173 169 171 161 

Run 211 -173 -175 171 -169 163 

Run 212 -171 169 -173 -175 165 

Run 213 -169 -171 -175 173 167 

Run 214 -167 165 161 -163 -169 

Run 215 -165 -167 163 161 -171 

Run 216 -163 161 -165 167 -173 

Run 217 -161 -163 -167 -165 -175 

Run 180 -22 18 -26 -30 10 -6 

Run 181 -18 -22 -30 26 14 2 

Run 182 -14 10 2 -6 -18 30 

Run 183 -10 -14 6 2 -22 -26 

Run 184 -6 2 -10 14 -26 22 

Run 185 -2 -6 -14 -10 -30 -18 

Run 186 30 -26 -18 -22 -2 14 

Run 187 26 30 -22 18 -6 -10 

Run 188 22 -18 26 30 -10 6 

Run 189 18 22 30 -26 -14 -2 

Run 190 14 -10 -2 6 18 -30 

Run 191 10 14 -6 -2 22 26 

Run 192 6 -2 10 -14 26 -22 

Run 193 2 6 14 10 30 18 

Run 194 -191 189 185 187 177 -183 

Run 195 -189 -191 187 -185 179 181 

Run 196 -187 185 -189 -191 181 -179 

Run 197 -185 -187 -191 189 183 177 

Run 198 -183 181 177 -179 -185 191 

Run 199 -181 -183 179 177 -187 -189 

Run 200 -179 177 -181 183 -189 187 

Run 201 -177 -179 -183 -181 -191 -185 

Run 202 191 -189 -185 -187 -177 183 

Run 203 189 191 -187 185 -179 -181 

Run 204 187 -185 189 191 -181 179 

Run 205 185 187 191 -189 -183 -177 

Run 206 183 -181 -177 179 185 -191 

Run 207 181 183 -179 -177 187 189 

Run 208 179 -177 181 -183 189 -187 

Run 209 177 179 183 181 191 185 

Run 210 -175 173 169 171 161 -167 

Run 211 -173 -175 171 -169 163 165 

Run 212 -171 169 -173 -175 165 -163 

Run 213 -169 -171 -175 173 167 161 

Run 214 -167 165 161 -163 -169 175 

Run 215 -165 -167 163 161 -171 -173 

Run 216 -163 161 -165 167 -173 171 

Run 217 -161 -163 -167 -165 -175 -169 



103 
 

Run 218 175 -173 -169 -171 -161 

Run 219 173 175 -171 169 -163 

Run 220 171 -169 173 175 -165 

Run 221 169 171 175 -173 -167 

Run 222 167 -165 -161 163 169 

Run 223 165 167 -163 -161 171 

Run 224 163 -161 165 -167 173 

Run 225 161 163 167 165 175 

Run 226 -159 157 153 155 145 

Run 227 -157 -159 155 -153 147 

Run 228 -155 153 -157 -159 149 

Run 229 -153 -155 -159 157 151 

Run 230 -151 149 145 -147 -153 

Run 231 -149 -151 147 145 -155 

Run 232 -147 145 -149 151 -157 

Run 233 -145 -147 -151 -149 -159 

Run 234 159 -157 -153 -155 -145 

Run 235 157 159 -155 153 -147 

Run 236 155 -153 157 159 -149 

Run 237 153 155 159 -157 -151 

Run 238 151 -149 -145 147 153 

Run 239 149 151 -147 -145 155 

Run 240 147 -145 149 -151 157 

Run 241 145 147 151 149 159 

Run 242 -143 141 137 139 129 

Run 243 -141 -143 139 -137 131 

Run 244 -139 137 -141 -143 133 

Run 245 -137 -139 -143 141 135 

Run 246 -135 133 129 -131 -137 

Run 247 -133 -135 131 129 -139 

Run 248 -131 129 -133 135 -141 

Run 249 -129 -131 -135 -133 -143 

Run 250 143 -141 -137 -139 -129 

Run 251 141 143 -139 137 -131 

Run 252 139 -137 141 143 -133 

Run 253 137 139 143 -141 -135 

Run 254 135 -133 -129 131 137 

Run 255 133 135 -131 -129 139 

Run 218 175 -173 -169 -171 -161 167 

Run 219 173 175 -171 169 -163 -165 

Run 220 171 -169 173 175 -165 163 

Run 221 169 171 175 -173 -167 -161 

Run 222 167 -165 -161 163 169 -175 

Run 223 165 167 -163 -161 171 173 

Run 224 163 -161 165 -167 173 -171 

Run 225 161 163 167 165 175 169 

Run 226 -159 157 153 155 145 -151 

Run 227 -157 -159 155 -153 147 149 

Run 228 -155 153 -157 -159 149 -147 

Run 229 -153 -155 -159 157 151 145 

Run 230 -151 149 145 -147 -153 159 

Run 231 -149 -151 147 145 -155 -157 

Run 232 -147 145 -149 151 -157 155 

Run 233 -145 -147 -151 -149 -159 -153 

Run 234 159 -157 -153 -155 -145 151 

Run 235 157 159 -155 153 -147 -149 

Run 236 155 -153 157 159 -149 147 

Run 237 153 155 159 -157 -151 -145 

Run 238 151 -149 -145 147 153 -159 

Run 239 149 151 -147 -145 155 157 

Run 240 147 -145 149 -151 157 -155 

Run 241 145 147 151 149 159 153 

Run 242 -143 141 137 139 129 -135 

Run 243 -141 -143 139 -137 131 133 

Run 244 -139 137 -141 -143 133 -131 

Run 245 -137 -139 -143 141 135 129 

Run 246 -135 133 129 -131 -137 143 

Run 247 -133 -135 131 129 -139 -141 

Run 248 -131 129 -133 135 -141 139 

Run 249 -129 -131 -135 -133 -143 -137 

Run 250 143 -141 -137 -139 -129 135 

Run 251 141 143 -139 137 -131 -133 

Run 252 139 -137 141 143 -133 131 

Run 253 137 139 143 -141 -135 -129 

Run 254 135 -133 -129 131 137 -143 

Run 255 133 135 -131 -129 139 141 
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Run 256 131 -129 133 -135 141 

Run 257 129 131 135 133 143 

Run 258 -127 125 121 123 113 

Run 259 -125 -127 123 -121 115 

Run 260 -123 121 -125 -127 117 

Run 261 -121 -123 -127 125 119 

Run 262 -119 117 113 -115 -121 

Run 263 -117 -119 115 113 -123 

Run 264 -115 113 -117 119 -125 

Run 265 -113 -115 -119 -117 -127 

Run 266 127 -125 -121 -123 -113 

Run 267 125 127 -123 121 -115 

Run 268 123 -121 125 127 -117 

Run 269 121 123 127 -125 -119 

Run 270 119 -117 -113 115 121 

Run 271 117 119 -115 -113 123 

Run 272 115 -113 117 -119 125 

Run 273 113 115 119 117 127 

Run 274 -111 109 105 107 97 

Run 275 -109 -111 107 -105 99 

Run 276 -107 105 -109 -111 101 

Run 277 -105 -107 -111 109 103 

Run 278 -103 101 97 -99 -105 

Run 279 -101 -103 99 97 -107 

Run 280 -99 97 -101 103 -109 

Run 281 -97 -99 -103 -101 -111 

Run 282 111 -109 -105 -107 -97 

Run 283 109 111 -107 105 -99 

Run 284 107 -105 109 111 -101 

Run 285 105 107 111 -109 -103 

Run 286 103 -101 -97 99 105 

Run 287 101 103 -99 -97 107 

Run 288 99 -97 101 -103 109 

Run 289 97 99 103 101 111 

Run 290 -95 93 89 91 81 

Run 291 -93 -95 91 -89 83 

Run 292 -91 89 -93 -95 85 

Run 293 -89 -91 -95 93 87 

Run 256 131 -129 133 -135 141 -139 

Run 257 129 131 135 133 143 137 

Run 258 -127 125 121 123 113 -119 

Run 259 -125 -127 123 -121 115 117 

Run 260 -123 121 -125 -127 117 -115 

Run 261 -121 -123 -127 125 119 113 

Run 262 -119 117 113 -115 -121 127 

Run 263 -117 -119 115 113 -123 -125 

Run 264 -115 113 -117 119 -125 123 

Run 265 -113 -115 -119 -117 -127 -121 

Run 266 127 -125 -121 -123 -113 119 

Run 267 125 127 -123 121 -115 -117 

Run 268 123 -121 125 127 -117 115 

Run 269 121 123 127 -125 -119 -113 

Run 270 119 -117 -113 115 121 -127 

Run 271 117 119 -115 -113 123 125 

Run 272 115 -113 117 -119 125 -123 

Run 273 113 115 119 117 127 121 

Run 274 -111 109 105 107 97 -103 

Run 275 -109 -111 107 -105 99 101 

Run 276 -107 105 -109 -111 101 -99 

Run 277 -105 -107 -111 109 103 97 

Run 278 -103 101 97 -99 -105 111 

Run 279 -101 -103 99 97 -107 -109 

Run 280 -99 97 -101 103 -109 107 

Run 281 -97 -99 -103 -101 -111 -105 

Run 282 111 -109 -105 -107 -97 103 

Run 283 109 111 -107 105 -99 -101 

Run 284 107 -105 109 111 -101 99 

Run 285 105 107 111 -109 -103 -97 

Run 286 103 -101 -97 99 105 -111 

Run 287 101 103 -99 -97 107 109 

Run 288 99 -97 101 -103 109 -107 

Run 289 97 99 103 101 111 105 

Run 290 -95 93 89 91 81 -87 

Run 291 -93 -95 91 -89 83 85 

Run 292 -91 89 -93 -95 85 -83 

Run 293 -89 -91 -95 93 87 81 
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Run 294 -87 85 81 -83 -89 

Run 295 -85 -87 83 81 -91 

Run 296 -83 81 -85 87 -93 

Run 297 -81 -83 -87 -85 -95 

Run 298 95 -93 -89 -91 -81 

Run 299 93 95 -91 89 -83 

Run 300 91 -89 93 95 -85 

Run 301 89 91 95 -93 -87 

Run 302 87 -85 -81 83 89 

Run 303 85 87 -83 -81 91 

Run 304 83 -81 85 -87 93 

Run 305 81 83 87 85 95 

Run 306 -79 77 73 75 65 

Run 307 -77 -79 75 -73 67 

Run 308 -75 73 -77 -79 69 

Run 309 -73 -75 -79 77 71 

Run 310 -71 69 65 -67 -73 

Run 311 -69 -71 67 65 -75 

Run 312 -67 65 -69 71 -77 

Run 313 -65 -67 -71 -69 -79 

Run 314 79 -77 -73 -75 -65 

Run 315 77 79 -75 73 -67 

Run 316 75 -73 77 79 -69 

Run 317 73 75 79 -77 -71 

Run 318 71 -69 -65 67 73 

Run 319 69 71 -67 -65 75 

Run 320 67 -65 69 -71 77 

Run 321 65 67 71 69 79 

Run 322 -63 61 57 59 49 

Run 323 -61 -63 59 -57 51 

Run 324 -59 57 -61 -63 53 

Run 325 -57 -59 -63 61 55 

Run 326 -55 53 49 -51 -57 

Run 327 -53 -55 51 49 -59 

Run 328 -51 49 -53 55 -61 

Run 329 -49 -51 -55 -53 -63 

Run 330 63 -61 -57 -59 -49 

Run 331 61 63 -59 57 -51 

Run 294 -87 85 81 -83 -89 95 

Run 295 -85 -87 83 81 -91 -93 

Run 296 -83 81 -85 87 -93 91 

Run 297 -81 -83 -87 -85 -95 -89 

Run 298 95 -93 -89 -91 -81 87 

Run 299 93 95 -91 89 -83 -85 

Run 300 91 -89 93 95 -85 83 

Run 301 89 91 95 -93 -87 -81 

Run 302 87 -85 -81 83 89 -95 

Run 303 85 87 -83 -81 91 93 

Run 304 83 -81 85 -87 93 -91 

Run 305 81 83 87 85 95 89 

Run 306 -79 77 73 75 65 -71 

Run 307 -77 -79 75 -73 67 69 

Run 308 -75 73 -77 -79 69 -67 

Run 309 -73 -75 -79 77 71 65 

Run 310 -71 69 65 -67 -73 79 

Run 311 -69 -71 67 65 -75 -77 

Run 312 -67 65 -69 71 -77 75 

Run 313 -65 -67 -71 -69 -79 -73 

Run 314 79 -77 -73 -75 -65 71 

Run 315 77 79 -75 73 -67 -69 

Run 316 75 -73 77 79 -69 67 

Run 317 73 75 79 -77 -71 -65 

Run 318 71 -69 -65 67 73 -79 

Run 319 69 71 -67 -65 75 77 

Run 320 67 -65 69 -71 77 -75 

Run 321 65 67 71 69 79 73 

Run 322 -63 61 57 59 49 -55 

Run 323 -61 -63 59 -57 51 53 

Run 324 -59 57 -61 -63 53 -51 

Run 325 -57 -59 -63 61 55 49 

Run 326 -55 53 49 -51 -57 63 

Run 327 -53 -55 51 49 -59 -61 

Run 328 -51 49 -53 55 -61 59 

Run 329 -49 -51 -55 -53 -63 -57 

Run 330 63 -61 -57 -59 -49 55 

Run 331 61 63 -59 57 -51 -53 
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Run 332 59 -57 61 63 -53 

Run 333 57 59 63 -61 -55 

Run 334 55 -53 -49 51 57 

Run 335 53 55 -51 -49 59 

Run 336 51 -49 53 -55 61 

Run 337 49 51 55 53 63 

Run 338 -47 45 41 43 33 

Run 339 -45 -47 43 -41 35 

Run 340 -43 41 -45 -47 37 

Run 341 -41 -43 -47 45 39 

Run 342 -39 37 33 -35 -41 

Run 343 -37 -39 35 33 -43 

Run 344 -35 33 -37 39 -45 

Run 345 -33 -35 -39 -37 -47 

Run 346 47 -45 -41 -43 -33 

Run 347 45 47 -43 41 -35 

Run 348 43 -41 45 47 -37 

Run 349 41 43 47 -45 -39 

Run 350 39 -37 -33 35 41 

Run 351 37 39 -35 -33 43 

Run 352 35 -33 37 -39 45 

Run 353 33 35 39 37 47 

Run 354 -31 29 25 27 17 

Run 355 -29 -31 27 -25 19 

Run 356 -27 25 -29 -31 21 

Run 357 -25 -27 -31 29 23 

Run 358 -23 21 17 -19 -25 

Run 359 -21 -23 19 17 -27 

Run 360 -19 17 -21 23 -29 

Run 361 -17 -19 -23 -21 -31 

Run 362 31 -29 -25 -27 -17 

Run 363 29 31 -27 25 -19 

Run 364 27 -25 29 31 -21 

Run 365 25 27 31 -29 -23 

Run 366 23 -21 -17 19 25 

Run 367 21 23 -19 -17 27 

Run 368 19 -17 21 -23 29 

Run 369 17 19 23 21 31 

Run 332 59 -57 61 63 -53 51 

Run 333 57 59 63 -61 -55 -49 

Run 334 55 -53 -49 51 57 -63 

Run 335 53 55 -51 -49 59 61 

Run 336 51 -49 53 -55 61 -59 

Run 337 49 51 55 53 63 57 

Run 338 -47 45 41 43 33 -39 

Run 339 -45 -47 43 -41 35 37 

Run 340 -43 41 -45 -47 37 -35 

Run 341 -41 -43 -47 45 39 33 

Run 342 -39 37 33 -35 -41 47 

Run 343 -37 -39 35 33 -43 -45 

Run 344 -35 33 -37 39 -45 43 

Run 345 -33 -35 -39 -37 -47 -41 

Run 346 47 -45 -41 -43 -33 39 

Run 347 45 47 -43 41 -35 -37 

Run 348 43 -41 45 47 -37 35 

Run 349 41 43 47 -45 -39 -33 

Run 350 39 -37 -33 35 41 -47 

Run 351 37 39 -35 -33 43 45 

Run 352 35 -33 37 -39 45 -43 

Run 353 33 35 39 37 47 41 

Run 354 -31 29 25 27 17 -23 

Run 355 -29 -31 27 -25 19 21 

Run 356 -27 25 -29 -31 21 -19 

Run 357 -25 -27 -31 29 23 17 

Run 358 -23 21 17 -19 -25 31 

Run 359 -21 -23 19 17 -27 -29 

Run 360 -19 17 -21 23 -29 27 

Run 361 -17 -19 -23 -21 -31 -25 

Run 362 31 -29 -25 -27 -17 23 

Run 363 29 31 -27 25 -19 -21 

Run 364 27 -25 29 31 -21 19 

Run 365 25 27 31 -29 -23 -17 

Run 366 23 -21 -17 19 25 -31 

Run 367 21 23 -19 -17 27 29 

Run 368 19 -17 21 -23 29 -27 

Run 369 17 19 23 21 31 25 
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Run 370 -15 13 9 11 1 

Run 371 -13 -15 11 -9 3 

Run 372 -11 9 -13 -15 5 

Run 373 -9 -11 -15 13 7 

Run 374 -7 5 1 -3 -9 

Run 375 -5 -7 3 1 -11 

Run 376 -3 1 -5 7 -13 

Run 377 -1 -3 -7 -5 -15 

Run 378 15 -13 -9 -11 -1 

Run 379 13 15 -11 9 -3 

Run 380 11 -9 13 15 -5 

Run 381 9 11 15 -13 -7 

Run 382 7 -5 -1 3 9 

Run 383 5 7 -3 -1 11 

Run 384 3 -1 5 -7 13 

Run 385 1 3 7 5 15 

 

Layer1- Run 1 to Run 385 

Layer2- Run 1 to Run 193 

Layer3- Run 1 to Run 97 

Layer4- Run 1 to Run 49 

Layer5- Run 1 to Run 25 

Layer6- Run 1 to Run 13 

 

Run 370 -15 13 9 11 1 -7 

Run 371 -13 -15 11 -9 3 5 

Run 372 -11 9 -13 -15 5 -3 

Run 373 -9 -11 -15 13 7 1 

Run 374 -7 5 1 -3 -9 15 

Run 375 -5 -7 3 1 -11 -13 

Run 376 -3 1 -5 7 -13 11 

Run 377 -1 -3 -7 -5 -15 -9 

Run 378 15 -13 -9 -11 -1 7 

Run 379 13 15 -11 9 -3 -5 

Run 380 11 -9 13 15 -5 3 

Run 381 9 11 15 -13 -7 -1 

Run 382 7 -5 -1 3 9 -15 

Run 383 5 7 -3 -1 11 13 

Run 384 3 -1 5 -7 13 -11 

Run 385 1 3 7 5 15 9 

 

Layer1- Run 1 to Run 385 

Layer2- Run 1 to Run 193 

Layer3- Run 1 to Run 97 

Layer4- Run 1 to Run 49 

Layer5- Run 1 to Run 25 

Layer6- Run 1 to Run 13 
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