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CHAPTER ~ I 

INTRODUCTION 

·When different factors influence a character under study,. 

it is always desirable to test different combinations of the 

f~cto~s at various levels. Such experiments are called.factorial 

exp~iments and are widely used because of the wider inductive 

basis on the conclusions dra\~ from them and of estimating the 

effects on interactions between differ~nt factors. By this approach, 

the consistency of each effect may be tested, and \Vhen it is 

shovm to be dependent on the other factors, any inter-relation 

may be studied, 

\'lith increasing number of factors or levels of factors, 

the size of thefactorial experiments becomes unmanageably large. 

In factorial set up, often higher order interactions are found 

to be insignificant and difficult to interpret. To rdduce the 

size of the experiment, Finney (1945} suggested the use of 

fractional replication in factorial exper~ents. The device 

consists of selecting a fraction of all possible treatment 

combinations such that main effects of the factors and lower 

order interactions of interest are estimable• assuming certain 

higher order interactions to be negligible. 

\~en interest of the experimenter is to estimate the main 

effects only. it is possible to select a sub-set of assemblieS 

(treatment combinations) from a complete factorial design \~ich 

enables the main effects to be estimated \v.lth a fair degree of 

precision. Such plans have been called main effect plans. 

Plackett and Burman (1946} introduced optimum plans for multi~ 

factorial eXperiments vmich enable tbe estimation of the main 



effects \v.Lth the same accuracy as if the attention had been 

concentrated on varying the levels of a single component 

throughout the experiment. A good survey on the v~rk done on 

main effect plans for symmetrical factorial experiments have 

made by Davies and Hay (1950), Davies (1954), Fry (1956), 

Box and Hunter (1961), Addelman and Kempthorne (1961) and 

Addelman (l962a, l962b,l963). Rao (1946,1947) developed the 

concept of orthogonal arrays and has shovn that the orthogonal 

estimates of main effects and interactions of order k can be 

obtained from an orthogonal array of strength d (d) k) v.hen 

higher::order interactions are absent. Chakravarti (1957) 

observed that the main effects can be estimated fxom an orthogonal 

array after om-itting certain assemblies from it and defined 

a new type of array as partially balanced array. Hotelling 

(1944), Kishen (1945), Mood (1946) and Raghavarao (1959) also 

developed certain main effect plans for weighing designs. 

Some main effect plans for asymmetrical factorial 

experiments were developed by Chakravarti (1956) and Morrison 

(1956) which require a latgo number of treatment combinations. 

Addelman (1962) obtained main effect plans for asymmetrical 

factorial from orthogonal main affect plans for symmetrical 

factorials by collapsing the factors. 

Orthogonal main effect plans provide optimum designs. 

But since they do not exist for all k, the number of assemblies 

and,p~he No. of parameters to be estimated. there is a need 

to select a best design for a given situat_ion. Since the 



purpose of any design is to e~timate each of the individual 

effects with whatever accuracy we estimate the individual 

effects, it is reasonable to expect the design to give 

minimal average variance for all the estimated effects. This 

led Kishen (1945) and Kiefer (1959) to define A - optimal 

criterion for efficiency. fAood (1946) and Kiefer (1959) 

defined the D • optimal criterion for efficiency of the design 

rmich gives a minimum generalised variance for the estimated 

effects. Ehrenfeld (1955) and Kiefer (1959) defined tho 

E • optimal criterion for efficiency. These have been discussed 

in detail in Chapter - III. 

It is interesting to note that a design need not 

satisfy all the three aforesaid criteria simultaneously. 

Thus a compromise has to be made for providing the set of 

points which perform uniformly better with respect to all the 

three criteria of optimality. This led to a new concept of 

C • optimality vmich has been elaborated in Chapter • III. 

The implications of these different criteria for 

optimality have been studied for the designs adopted for 

fertilizers trials on cultivator's fields. This has led us 

to show that the design being currently adopted by I.C.AJR. 

on cultivator's fields is of vary low efficiency. Designs 

more efficient than this have been obtained and presented 

in Chapter - r.T. 

A situation may also arise when the experimenter 

may be interested to estimate the lth order effect of one 

factor and the mth order effect of the other factor with a 



fair degree of precision. In this case the design selected 

considering any criteria for optimality defined above need not 

fulfil the aim of the e~rimenter. For this the concept of 

C - orthogonality has been intxoduced and is discussed in details 

in Chapter - III. 

The designs for cultivator's field trials have been 

also used to demonstrate the concept underlying C-orthogonality. 

A discussion of these appears in Chapter V. ·In the last Chapter 

VI presents summary and conclusions of the study. 



CHAPTER.. II 

Cultivator's Field T;ials. 

The conclusions based on the results of experiments 

conducted at research stations can not be immediately recommended 

for general adoption under actual farming conditions in the 

country because of the fact that the number of experimental 

statio~ in the country is small and that the fertility of the 

soil and the level of management at the experimental stations 

are superior to those in the surrounding cultivator's tields, 

experimentation at research station cannot provide a reliable 

guide for general adoption in actual farming conditions on 

cultivator's fields. A satisfactory method of bridging the 

gulf between the results of research at experimental stations 

and their adoption by cultivators is to conduct experiments 

in the fields representative of the entire tract. 

Since the experiments are to be conducted in normal 

cultivation practices of the farmers so in order to gain his 

confidence and co-operation it is necessary to ensure that 

the design of the experiment should bG simple enough to be 

conducted within the limited resources avaUable on a 

eultivator•s field and such that it can easily bp fitted into 

the normal routine of his vJOrk and that utmost care should be 

taken while choosing the treatments for the experimentation 

so that the farmer may not incur any loss through trying these 

treatments on his field. 

Following are the problems which one come across while 

conducting the e"periements on cultivator's field. 



1. Selection of fields, 

2, Choice of treatments, 

3. Choice of design, and 

4. the number of experimental fields and its distribution 

between and within places. 

While each of the above considerations have their O\m 

dimensions, here we shall restrict ourselves 1vith the choice of 

the design. 

Choice of the designs-

Apart from the proper choice of the treatments, the 

design of an experiment on cultivator's fields must be extremely 

simple and possoss a demonstration value for the success of 

the experiment. 

The simplest of experimental designs for field experim­

ents is the randomized block design. But even a R,B.D \vith 

its replication involving numerous small plots lying side by 

side in the field cannot fulfil the requirement of enabling 

the cultivator to carry out his normal field operation 

undistrubod. This objection can however, be rcet by repeating 

the experiment on another field. A design vmich might appeal 

to the cultivator 1~uld be to devide his field into as many 

portions as there are treatments, apply the treatment over 

the whole of each of these portions and harvest the plots of 

given dimensions at harvest time in the presence of the 

experimenter. At harvest time plots of ·given dimension \~uld 

be marked in random positions ~hin the different portions 



and the produce from these plots would be weighed and recorded. 

It is important to note that the treatments should be allotted 

at random to different portions of the field. 

2.1. Fertilizer trials on cultivator's field:• 

In fertilizers trial on cultivator's field, the aim 

is to study the responses of different factors (Nitrogen, 

phosphorus, potassium etc.) at different levels. 

If the number of factors is tn• each at 's' levels 

then the total number of assemblies is ~ In order to have 

small number of assemblies (requirement of the experiment in 

cultivator's field), ~hoose a faction 'k1 (depending on the 

plan) of assemblies from s0 assemblies. The total number of 

designs each ~dth 'k' assemblies is (~f· The problem arises 
n 

which of the (~) designs shall we choose so that it is most 

efficient, i.e. it gives mimimum va:dance for all the estimated 

effects. This has been done by studying various optimality 

criteria sp~~t out in Chapter-III. 

On the other hand if the experimenter aims at minlmising 

the extent of non..orthogonality of different order of effects 

of different factors in preference to optimality, one can adopt­

the tool of C-orthogonality. 



CHAPTER-III 

Optimality and Orthogonality Criteria. 

3.1. P.reliminariesc• 

For any factorial set up the observational system can 

be represented by the matrix equation 

Y a X~+ e - -- ..., 

Where ~ is a k x p design matrilc, ~ is a p column vector 

of single degree of freedom effects, e is a k column vector 

of errors assumed to be normally and independently distributed 
:>.. around a mean of zero and I:Jith common variance a- and Y is 

a k column vector of observations. 

A design X is optimum when the information matrix 

i.e. (X 1X) is kiP mere lp is a p x p unit matrix. This led 

to the formulation of orthogonal plans. But such orthogonal 

plans do not exist for all k and P• Hence there is a need to 

select a be.st design for a given situation. For this purpose 

different optimal criteria have been defined for studying the 

efficiency of designs. 

The least square estimates of different effects are 

given by 

t " • 
(X X)~= X Y 

' If (X X) is non-singular, that is X is of rank p, then 

~ g oc'xT1 x'v 
and the variance co~variance matrix of the estimates 

is 



Since the purpose of the design is to ostimate each of 

the individual effects 1 with \~atever accuracy ~ estimate the 

individual effects, it !s reasonable to expect the design to 

give minimal average va~iance for all the estimated effects. 

This led Kishen (1945) and Kiefer (1959) to define the follo\~9 

Definition 3.1.1.1• 

Of the class of all k x p designs. d~sign X is 

A-optimal if it has the least value fQr the trace ·of tx'xr~ 

If (X
1
X)'"1 

co (cij), then the efficiency of the design 

can be measured by the factor 

p 

Instead of thinking of minimizing the average variance 

of all the estimated effects, one may consider as a best design 

the one that gives a minimum generalized variance of the estimated 

effects. Since (x'x)-;._2 is the dispersion matrix of the 

estimated effects, one may be interested in minimizing det. 
(

Q .. l ' 
X X) or consequently maximizing det. (X X). This led 

Mood (1946) and Kiefer (1959) to define the following 

Definition 3.1.2.1 ... 

Of the class of all k x p designs, design X is 

D•optimal if it has the minimum value of det. 0C1X):1 

Ehrenfeld (1955) and Kiefer (1959) made the following 

definition 

· Definitioq 3.1.3.t-



•J.u• 

Of the class of all k x p designs, design X is 

E•optimal if it has the least value for~max. woich is the 

maximum characteristic root of (X'x):1 

3.2 C-ootimality, .. 

It is interesting to note that a design Which is 

A-optimal need not be D--optimal, D•optimal need not be & ... optimal 

and so on. In order to choose a design considering all the 

three aforesaid criteria simultaneously, a compromise has to 

be mada for providing the set of points \'lhich perfom uniformly 

better with respect to all the three criteria of ootimality. 

This has led us to a new concept of C...aptimality Which can 

be defined as 

Definition 3.2.l.t• 

Of the class of all k x p designs, design X is 

C•optimal if it has the minimum value of the sum of percentage 

depa~ures from the optimum points for the respective criteria 

defined earlier. 

Thus if Dij .is the percentage departure for the jth 

criterion (j e l,2,3 for A,D and E-optimality respectively) 

in the ith design then the Coo()ptimal design is one for wh5c h 

~i is minimum whE!re 

3.3. C-orthoqonality:-

Any design selected on the basis of C-optimality 

criterion foxmulated in section 2.2 will be an efficient design 



for a given situation. But the problem may arise when the 

experimenter may instead be interested to estimate the lth 

order effect of one factor orthogonal to the mth order effect 

of the other factor. Thus if 
1>.. 

A1 = L ~ Yr and 
-'t= I 

-h. 

Bm = L br Yr ... ~. 
(l,m = 1,2,~--.(s-l) where sis the level of each factor). 

are t~o linear functions for estimating the lth order effect 

of one factor and mth order effect of the other factor 

respectively where ar an~ br are some constants then the 

correlation coefficient between lth order effect of one factor 

and mth order effect of the other factor is given by 

R . Cov. Car• br) 
lm = ------~~~----

_/Jar. (ar) Var. (br) 

Here R11 will indicate correlation between linear 

(first order) effect of one factor and linear effect of the 

other f~ctor, R12 will indicate co~relation bet\~en linear effect 

of one factor and quadratic (2nd order) effect of the other 

factor, and so on. If ~m = 0 for any 1 and m, l,m = 1,2,-·{s-l) 

then the 1th and mth order effects of t\~ factors are estimated 

independently of each other, i.e. the two effects are otbhogonal. 

In case of irregular fractions, however , such orthogonality 

amongst the effects of different factors is not attained. The 

next best course will be to minimise Rlm for lower values of 

1 and m. It is seen that A,D,E or c.optimal designs need not 

have minimum values of Rlm for lower values of 1 and m. Thus 
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the choice between optimality or orthogonality will be QUided 

by the specific need and objective of the experiment. 

But, a des~gn which is R11-orthogonal may not be 

a
12

-orthogonal, R12•orthogonal may not be ~13-orthogonal, and 

so on. Thus, in order to choose a design considering 

Rlm·orthogonality'v' l,m = 1,2, ... -, (s-l) simultaneously wa 

may define the following inde« of C(compromise)-orthogonality 

1 "'L L W1mfR1mi 
.t ""-

Where fRlm i is the modulus value of R1m and 1'/lm are 

the v.>eights to be assigned to different Rlm" One c;m then 

choose a design for which I is minimum. 

Now the problem arises how to assign weights to 

different correlation coefficients Rlm• One of the simplest 

~~Y is to assign arbitrary number to different effects according 

to their importances e.g. when s = 4 

Effects Numbers to be 
as sinned. 

Linear (!) (s-1) 

Quadratic (2) (s-2) 

Cubic (3) (s.3) 

Here vre assume thatJthe importance of the effects 

decreases from linear to quadratic, quadratic to cubic and 

so on, although this may not always be the case. Thus if the 

specific requirement of any experiment is to prefer some higher 

order effect to lower order effect, the number can be assigned 



accordingly. otherwise in usual situations, the weights w1m 

will be given by the product of numbe~s attached with the lth 

and mth effects. For exampl~, for any experiment whose factors 

have s levels each, we have 

w11 = (s-1) (s-1) 

w12 = ~ = (s-1) (G•2) 

Thus under the assumption stated above the index will 



Optimal designs for cultivator's field trials. 

4.1 Selection of treatment combinationst• 

The design currently being used by I.C.A.R. in 

fertilizer trials on cultivator's field is 

N p K 

0 0 0 

2 0 0 

3 3 3 

2 2 0 

2 0 2 
I 

2 1 2 

2 2 2 

2 2 1 I 

2 2 3 

2 3 2 

(three factors Nitrogen, phosphorus and potassit~ each at four 

levels) 

~~ere 0,1,2 and 3 are the fou~ levels of each factors. 

Here 0 indicate no application of fertilizer and level 2 

indicates the base level. 

The object of the experiment is to study the responses 

of N,P and K with a view to formulate fertilizer recommendations 

for different agro-climatic conditions in the country. 

In the above design the treatment combinations 000,200' 

and 333 are included in order to study the responses of mean 
~ 

effect,~of nitrogen at base level and combined effect of N,P 
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~g!ll;)r 1 eve 1 s • 

,re%t of the soven treatment combinations the levels 

;vq~ at tho base level of nitrogen in order to 

.reaponses of phosphorus and potassium at the base mf 

1i~:t<ogen. 

~- ~l'ohlem now reduces to study the responses of 

~ch at four levels taking a fraction of seven treatment 

ens from the 42 d'esign excluding the combination 

~e~ in order to study the responses of P and K at 

'l the combinations 20 and 02 have been includ'ed. 

~~fore to choose five out of nine treatment combinations 

,21,22.23.31.32 and 33. so as to have (;) = 126 

se~s (designs) each with seven treatment combinations 

'1> ~0 and 02. 

~O\~ the problem is to examine the optimality for all 

&Pts for estimating the vector~ ., consisting of mean 

e~fects with single degree of freedom (when the 

Ill\ that all the higher oxder effects are negligible is 
~) • 

~of optimtlitya• 

~~e we are estimating mean and main effects and each· 
re~ 

t has three degrees of freedom \~ich can further 

'ttoned as 

Uain effect 

l Linear eff<3ct 

l Quadratic effect 

l Cubic effect 



To estimate linear, quadratic and cubic effects the 

follo~9 three mutually orthogonal contrasts have. been 

d.efiflcd• 

Effects Contrasts 

Linear I ·3 a0 - a1 + ~ + 3a3 

Quadratic a ao .. al- ~ + a3 

Cubic I -a0 + 3a1 .. 3~ +a3 

Where a0• a1, ~ and a3 denote the four levels of a 

factor• 

On the basis of the above defined contrasts, \~ can 

gene~ate the design mataix for each of the 126 sets and obtain 

the information matrix 

following table. 

I 
(X X). As an example, consider the 

2,s1Jlo. 2 Design Matrix 

..!- X 

oz rl·3 l-l 
l•l -3 

zo l l ·l-3 -3 l -l 
j.J. 1-l -l 3 -1-l 3 
lZ 1-1 -l 3 l·l -3 
1:3 l-1 -1 3 3 l 1 
Zl ~ l -l-3 -1-l 3 
:31 1 3 l 1 -1-l 3 

t 
Information Matrix(X X) 

7 -l-3 3-l-3 3 

23 l oo9•13 l 19 
7 -3 1 -1-3 

47 19-3 3 
23 1-9 

7-3 
47 

All computations for evaluating the vatues of det. 
'x>~ 1 

(,C • characteristic roots of (X X) •1, etc. have been done 

on Electronic Computer IeU 1620. 

Out of 126 sets, 45 sets were such for ~mich the vector ~ 

Could not be estimated as the value of det. (X 1X) \~S zero. 



Remaining 81 sets have been explored and presented in Appendix 
tv' )-1 A along \'lith the values of det. v< X • maximum characteristic 

( t )-1 root and trace of X X and co~elation coefficients Rlm 

bet\~en various order of effects. 

4.3. Discussion of resultsa ... 

It is seen from tho Appendix A that when the criterion 

A-optimal is consideted then the set numbers 3,7,9,37,48,60,69, 

72,117 and 119 are the optimal designs and the sets upto ranks 

10 arc aho\o.n in table 1 of AppendiX B. Set ·No. 79 is optimal 

with respect to criterion D-optimal and various sets upto 

ranks ten are shown in table 2 of Appendix B. Set numbers 

117 and 119 are the optimal designs when the cl"ite~ion 

E·ootimal is considered and sets upto ranks ten are shown in 

table 3 of Appendix B. 

As none of the set is optimal ~~th respect to all the 

A,D and E·optimality so we go for C-optimaHty outlined in the 

Chapter-III. The sets having 1st ten ranks have been presented 

in table 4 of Appendix B. Set No. 117 comes out to be the 

optimal design \vhon the criterion C.optimal is considered. 

The treatment combinations for this design are 

p K 

0 2 

2 0 

1 3 

2 2 

2 3 

3 1 

3 3 



A critical pexusal of the design reveals that this 

design may not be practicable as it involves higher levels of 

p and K. Amongst all the first ten ranks set No. 3 may be 

preferable as it involves lower levels of P and K vmich may 

result in lowering the cost of experimentation. 

The complete design is given below 

N p K p 1<.. 
It"' 

"> 0 I l. "> 
'} 0 0 0 I I ;, • I 0 
" 

. ., 
·' 2 0 0 

3 3 3 

2 2 0 

2 0 2 

2 l l 

2 1 a 
2 1 3 

2 2 1 

2 3 1 

Thus the design given above not only satisfies the 

requirements of a good design for cultivator's field but it 

is also near optimum for providing the best estimates of 

parameter ~ ; The design is thus superior to the one currently 

adopted by I.C.A.R. for cultivator's field trial. 



CHAPTER•V 

c.orthogonal designs for cultivato;'s field.trials 

5.1. Study of orthogonality•-

In Chapter III \~ considered the concept of Rlm 

orthogonality clearly, if the expe~imenter is interested to 

estimate the lth order effect of one factor orthogonal 

to the mth order of the other factor then Rlm must be zero. 

For each of the 81 sets, vmich have been explored for optimality, 

correlation coefficients Rlm \~re computed Oet\~en all possible 

combinations of linear (first order), quadratic (second order) 

and cubic (third ~rder) effects of one factor with the linear, 

quadratic and cubic effects of the other factor i.e. 11,12,13, 

21,22,23,31,32, and 33 (where 1,2 an~ 3 stands for linear, 

quadratic and cubic respectively) and are presented in 

A~pendix-A. 

5.2. Discussion of resultsa. 

5.2.1. Orthogonal designs:~ 

Set number 77,100,104,105,108 and 114 are R11-orthogonal 

designs and various sets upto ranks ten are sho\~ in table l 

of Addpedix.C. It may be seen that a11.orthogonal designs 

are neither C nor A,D or E-optimal. Set numbers 115,119 and 

120 v~re R12-orthogonal designs and various sets upto ranks 

ten arc presented in table 2 of Appendix-C. 

R13-orthogonal designs were set numbers 4,45 and 54 

and various sets upto ranks ten are sho\~ in tnble.3 of 
Apnendix.C. 



Set nu(!lbers 88,117 and l2o \~re Rru_ .. onhogonalJ 5, 9,12, 

22,24,25,28,30,31,39,48,58,60,61,65,69,74,77,93,95,96,100,104 

and 108 were ~-orthogonal and 24,60,69 and 100 were ~3-
orthogonal designs and various sets upto ranks ten are presented 

in tables from 4 to 6 of Appendix.C. 

Set numbe:rs 20,30 and 70 were R31-orthogonalJ 5,9,48 

and 77 \~re R32-orthogonal and 5 and 24 ~re R33-orthogonal 

designs and various sets upto ranks ten are sho~ in tables 

from 7 to 9 of Appendix..C. 

From the above we soe that not a- single set is Rlm 

orthogonal for all l,m = 1,2----, (s-1). So in order to choose 

a design considering ~m·orthogonality for all l,m = 1,2~-·-­

(s-l) simultaneouslly the index I was completed for each of the 

sets giving \~ights to different Rlm as 

Correlation Coefficients Weights 

Ru (s-l) (s-l) .. 9 

Rl2 or ~l (s ... l) (s-2) .. 6 

R13 or R3l (s ... l) (s•3) .. 3 

R22 (s-2) (s-2) =4 

~3 or ~2 (s-2) (s .. 3) =2 

R33 Cs-3) (s ... 3} Cil 

Set numbers 47 and 66 \~re C-orthogonal designs as the 
1nde~ computed above has minimum value for those sets and the 

various sets upto ranks ten are presented in table-10 of 
Appendix..C. 

Sot number 92 Which is the design currently being used 



r 

by I.C.A.R. for cultivator's ~ield has been shown 1n all tables 

of Appendix-B and C for the sake of comparison. 

5.2.2. Optimal and orthogonal designsa-

Hera we v411 consider the designs which are optimal 

as well as orthogonal. Amongst the first ten ranke we see 

that 117 and 119 were A-optimal and C-orthogonal designs. 

From table l of Appendix B and table-10 of Appendix-c. 
' f 

From table-2 of Appendix·B and t~ble-10 of Appendix-c 

we see that set number 52 is D-optimai,. '"d C-orthogonal design. 

From table-3 of Appendix B and table .. 10 of Appendix.C we see 
I 

that set numbers 117 and 119 were E-optimal and C.orthogonal 

designs. From table 4 of Appendi~ B and table-10 of Appendix.C 

set number 117 comes out to be C.optimal and C.orthogonal 

design. 



CHAPTER-VI 

Summary and Conclusionsl• 

Kishen (1945) and Kiefer (1959} defined A-optimal 

criterion for efficiency of the design tmich will give minimal 

average variance for all the estimated effects. Mood (1946} 

and Kiefer {1959) defined D..optimal criterion which will give 

minimum generalized variance for all the estimated effects. 

Ehrenfiald (1955) and Kiefer (1959) defined E-optimal criterion 

for the efficiency of the design. As ~one of the design will 

satisfy all these criteria simultaneously so ~ compromise has 

to be made for providing the set of points which perfo:rm 

uniformly better wi~h respect to all the three criteria of 

optimality. This led us to define a new concept of c~optimality. 

On the other hand if the experimenter aims tt minimizing 

the extent of non-orthogonality of different oxder effects 

in preference to optimality he can adopt the concepts of Rlm 

and C-orthogonality Which have been introduced in Chapter-III. 

The designs for cultivator's field trials have been 

used to demonstrate the above concepts of optimality and 

orthogonality. 

lhen the criterion C.Optimal \~S considered then amongst 

the 1st ten ranks set No. 3 comes out to be bast desi_gn vhich 

not only satisfied the requirements of a good design for culti• 

vator's field but it is also near optimum for providing the 

best estimates of parameters ~ • This design is superior to 

the o~e currently being adooted by I.C.A.R. for cultivatorts 

field trials and also involves lower cost of experimentation. 
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1~ conRELATION COEFFICIENTS 
12 L Q C 

TRACE 
***** 
lo050 

li g -=g~~g ==~!~~ -=~g~g 
*-*-*-*-*-•-·-·-4-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 

SET NOo = 4 DESIGN VALUE OF DET. LAMEDA MAXo TRACE 
************ *~**** ************* ********** ***** 

~2 Oo24414243E-Q7 Ot9181 1o375 

1~ CORRELATION COFFFICIE~TS 
12 L Q c 
13 L -•3000 o0500 o0176 
21 Q o2999 -.3999 -o6363 
32 C o6363 -•1060 -•0375 

*•* *-*-*-·-·~·-·-·-·-§-*-*-*-*-*-~-*-*-*-*-*-*-*-*-* 
SET NOo = 5 DESIGN VALUE OF DET. LA~B~A MAXo TRACE 
************ ****** ************* ********** ***** 

92 Oo24414305£-07 Oo620~ lol75 

1~ CORRELATION COEFFICIENTS 
12 L Q C 
13 l -o0219 o5477 o4410 
21 Q o4823 •0912 -•3067 
33 c .~e91 -.o322 .o135 

*-*-*-*-*-*-*-•-*-*-*-*-*-*-*-*-*-*-*-*-<~*-*-*-*-*-*-* SET NO• = 7 DESIGN V~LUE OF UET. LAMPDA MAX. TRACE 
************ ****** ·~*********** ********** ***** 

22 Oo24414202E-Q7 Oo5246 lo050 

1Y CORRELATIO~ COEFFICIENTS 
12 L Q C 

~~ ~ ==~~~g -=g~ss :ig~~ 
31 C •3889 -ol060 o487,4 

--·--*-*-*-*-*-*-•-<~·-*-*-*-•-*-*-*-*-*-,-*-*-*-*-*-*-* 
SET NO• = 8 DESIGN VALUC OF DET. LAMBDA MAX. TRACt 
************ ****** ************* ********** ***** 

22 Oo24414329E-07 0.5502 1ol25 

lq CORR~LATION COEFFICIENTS 

l~ L -.~os1 .85oo -.~206 
22 Q o2051 -.3999 -.4819 
32 C o4352 -•1060 o4685 

*-*-*-*-*-*-*-•-·-·-~*-*-·-·-~-*-*-*-*-*-*-*-*-*-*-*-* 
SFT NOo c 9 DESIGN VALUE OF DET. LAMBOA MAX. TRACE 
************ ****** ************* ********** ***** 

~~ Oo24414355E-07 0.4114 1o050 

ll CORRELATION COEFFICIENTS 
12 L Q C 
13 L •0684 o5477 o2206 
22 Q .4107 o09l2 -.o8g3 
33 C o4195 -·0322 o52 3 

*-*-*-*-*-*-~*-*-*-·--·-·-·--·~-*-*-*-*-*-*-*-*-*-*-* 
SET NO• = 10 DESJGI>i VALUE OF DET. LAMRDII. ~·AX. TRACE 
************ ****** ************* ********** ***** 

~2 Oo24414292E-07 Oo9052 lo375 

1Y CORRELATION COEFFICIE~TS 
12 L Q C 
13 l -•3288 o2282 o5752 
23 Q -·1315 -·5477 -·03€3 
31 C ol550 -o4841 o2Q33 

*-*-*-•-*-*-*-*-*-*-*-*-*-*-*-*~*-*-*-*-*-*-*-*-*-*-*-*-* 
SET NO• = 11 DESIGN VALUE OF DET. LA~cOA MAX. TRACE 
************ ****** ************* ********** ***** 

~2 Oo2441423BE-07 1.0484 1o575 

1~ CORRELATION COEFFICIENTS 
12 L Q C 
13 L -•0912 o2282 -·0602 
23 Q •0912 -·5477 -.6425 
32 C ol936 -.4641 ol277 

*-*-•-•-*-*-*-*-*-*~·--*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 



SFT NOo " 12 
************ 

DESIG'II VALUF OF D T • L><M".DA ·1AXo 
*****3 **********~** ********** 

02 Oo24414281E-07 Oo6346 
f~ CORRELATIO.~ COEFFICIENTS 
12 L Q C 
13 L ol479 o7302 o4088 
23 Q .2956 -.0912 -.2581 

TRACE 
***** 
1o250 

33 c ·2091 -.4195 .1977 
R * *-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* * n-~-*-* SET NOo • 20 DESIGN VALUE OF DETo LAMBDA MAXo TRACE 

************ ****** ************* ********** ***** 
~2 Oo24414379f-07 Oo9181 lo375 

1~ CORRELATIO~ COEFFICIENTS 
12 L Q C 
21 L - 0 3000 o2999 o6363 
23 Q •0500 -.3999 -·1060 
31 c •0176 -.6363 -·0375 

'~~-*-*"-*-*-*-*"-*-*-*-*-*-*-*-*--*-*-*--*""*-* • a 11 SET NO, = 21 DESIGN VALUE OF DET. LAMBDA MAX. 
************ ****** ************* ********** 22 Oo24414219E-07 1.3954 

1~ CORRELATION COEFFICIENTS 
12 L Q C 
21 L -•0499 o2999 ol060 
23 Q o2999 -.3999 -.6363 

*-*-* TRACE 
***** 
1.825 

32 C ol060 -•6363·-.2249 
*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* I •*-*-*-*-*-*-* SET NOo = 22 DESIGN VALUE OF DET. LAMBDA MAX'e TRACE 

************ ****** ************* ********** ***** 
~2 Oo24414321E-07 Oo6850 lo300 

1~ CO~RELATION COEFFICIENTS 
12 L Q C 
21 L ol754 o 7302 o4985 
23 0 o4823 o0912 -•3067 
33 C o1705 -.4195 -o1084 

*-*-*-*-*-*-*--* I II N-*-*-*-*-11-* II * !1- If ,11-11-*--11-*-il--!t 
SET f\10• c 24 DESIGN VALUE OF DET o LAMBDA HAXo TRACE 
************ ****** ************* ********** ***** 

22 Oo24414296E-07 Oo6208 1ol75 

1Y CORRELATION COEFFICIENTS 
12 L Q C 
21 L -.0219 o4823 .5891 
31 Q o5477 o0912 -·0322 
33 C o4410 -.3067 o0135 

----*--*-*-*-*-*-*-*-·-·--*-*-*-*-*-*-*-*-*-*-*-*-* SET NO• • 25 DESIGN VALUE OF DETo LAMBDA MAXo TRACE 
************ ****** ************* ********** ***** 

02 Oo24414353E-07 Oo6850 lo300 

t~ CORRELATION COEFFICIENTS 
12 L Q C 
21 L ol754 o4823 ol705 
32 0 0 7302 o0912 -.4195 
33 c .4985 -·3067 -·1084 

*-*-*-*-*-•-·-·-·-·-·-·-·-·-·-·-·--·-•-*-*-*-*-*-*-*-*-* SET NOo • 26 DESIGN VALUE OF DETo LAMLDA MAX. TRACE 
************ ****** ************* ********** ***** 

22 Oo244l4332E-07 Oo9180 1o375 

1~ CORRELATION COEFFICIENTS 
12 L Q C 
22 L -,2249 .2999 .4772 
23 Q -.osoo -.3999 o1060 
31 C -o1414 -.6363 o3000 

*-"*-*-*-*-*-*-*-*-!! ft a *-*-*-*-*-*-*""*-*--*-*-~ ~ *-*-*-* SET NO• = 27 DESIGN VALUF OF DET. LAMP.DA MAX. TRACE 
************ !tllllll** llllll*ll*!t*llllllll-* ********** ***** 

~2 Oo24414310E-07 Oo7152 1o325 

1q CORRELATION COEFFICIENTS 
12 L Q C 
22 L o0256 o2999 -•0602 
23 Q o2051 -o3999 -o4819 
32 C -•0544 -.6363 o1277 ·--·---*-*--*--·----·-*-*-*-*-*-*-*""*-*-" ;-!!--*-



SET NO• a 28 
************ 

DESIG~ VALUE OF OET• LAMBDA MAXo 
****** ************* ********** Qa o.24414276E-o7 o,6346 

f1 CORRELATION CO[FFlC!ENTS 
12 L Q C 
22 L o2510 o7302 o3413 
23 Q o4107 o0912 -•0803 

TRACE 
***** 
lo250 

33 C o0322 -,4195 o2697 
*-«-*-*-*-*-*-._*-*-*-*-*-*-·-·-~-*-*-*-*-*-~-*-*-*-• 

i~I.U~t.:.~g ~~~!~~ ~~~Y~.~~~~~* ~~~gg~.~~~· ~!~ 
02 0 o24414355E-o7 0,4350 lolOO 
20 
11 CORRELATION COEFFICIENTS 
12 l Q c 
22 L o0219 o4823 o4961 
31 Q o4107 o0912 o2581 
33 C o2300 -,3067 o4609 

*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-~*-*-* * I *-*-*-* SET NO• ~ 31 DESIGN VALUE OF DETo LAMBDA MAXo TRACE 
************ ****** ************* ********** ***** 

~2 Oo24414264E-07 0 0 4469 lol25 

1Q CORRELATION COEFFICIENTS lZ L Q c 
22 L o2249 ,4823 o0880 
32 Q o6087 o0912 -•1466 
33 C o2950 -o3067 o3850 

*-*-*-*-*-*-*-*-*-*-*-*-*-·-·-----·-·-·-•-•-*-*-*-*-*-*-* SET NO• = 33 DESIGN VALUE OF DETo LAMBDA MAX. TRACE 
************ ****** ************* ********** ***** 

~2 Oo24414290E-07 1,0964 lo550 
1Y CORRELATIO~ cnEFF1CIENTS 
12 L Q C 

~~ 6 =~~6t -:i~g2 :896~ 
33 c •0168 -.6651 ·1764 

* ~ If ·---·-~·-*-* . •-•-*-*-•-*-*-*-*-*~*-*-*-*-*-*-• SET NO• a 34 DESIGN VALUe OF OETe LAMBDA MAXo TRACE 
************ ****** ************* ********** ***** 

. ~2 Oo24414387E-07 0 0 9192 lo500 

1£ CORRELAriON COEFFICIENTS 
12 L Q c 
23 L o24Q1 o52Q4 ol585 
32 Q o4166 -.1666 -·3666 
33 c .oroo -.6651 •0462 

II 1-!f--!f-lf-lf-*-lf if It * *-*-*-*-*-*-*--~~--·-If 
SET NO• = 37 DESIGN VALUe OF OETo LAMBDA MAX. TRACE 
************ ****** ************* ********** ***** 

02 Oo2441420Z£-07 o,5246 l.oso 
lq CORRELATION COEFFICIENTS 
13 l Q c 
21 L -.4750 -.osoo .3889 
22 o .osoo -,3999 -.1o60 
31 C e3889 o1060 o4874 

--·-----!f--lf-*-lf-*-*-*-*-*-*-!1 I !I *-*-lf-lf I If 
SET NOo = 38 DESIGN VALUE OF OETo LAMBDA MAXo 
************ ****** ************* ********** 

g2 Oo244l4256E-07 0,9180 

lq CORRELATION COEFFICtENTS 
13 L Q C 
21 L -.2249 -.osoo -·1414 
22 Q o2999 -.3999 -·6363 

;!-*-* 
TRACE 
***** 
1.375 

32 c o4772 .1060 ~3noo 
*-*-*--*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-**--**-* 

SET NO• = 39 DESIGN VALUE OF DETo LAMBDA MAXo TRACE 
************ ****** ************* ********** ***** 

~2 Oe24414328E-07 Oo4350 lolOO 

lq CORRELATION COEFFICIENTS 
13 l Q c 
21 L •0219 o4107 o2300 
22 Q .4823 o0912 -.3o67 
33 C o4961 o2581 o4609 

*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-• ~ *-*-*---*-*-*-*-*-*-* 



SET NOt '" 43 
************ 

DESIGN VALUE OF DET. LAMBDA MAXo 
****** ************* ********** 

~2 Oo24414284E-07 Oo9052 

1~ CORRELATION COEFFICIENTS 
13 L Q C 
21 L -o3288 -.1315 o1550 
31 Q oZ282 -o5477 -o4U41 

TRACE 
***** 
lo375 

32 C o5752 -o0383 oZQ33 
*-*-*-*-*-*-~-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* a R *-*-*-* SET NO• = 45 DESIGN VALUE OF DETo LAMODA MAXo TRACE 

************ ****** ************* ********** ***** 
~2 Qo24414285E-07 lo0964 lo550 

1~ CORRELATION COEFFICIENTS 

H L .~576 .~401 .5168 
32 Q o5204 -o1666 -o665l 
33 C o6054 o070Q ol764 

*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-·-·-·~--*-*-* ·-~ SET N0 0 o 46 DESIGN VALUE OF DETo LAMBDA MAX. 
***~'******* ****** ************* *~******* 

~2 Oo24414262E-07 0 0 5297 

lq CORRELATION COEFFICIENTS 
13 L ' Q C 
22 L -o2850 o0912 o3643 
23 Q -·1315 -.5477 -·0383 

11-*-* 
TRACE 
*'**** 1.1oo 

31 C o0620 -ol936 o6507 
*-~~-*-*-*-•-·-·-----·-·---·-------*--*-*-*-* SET NOo = 47 DESIGN VALUE OF DETo LAMBDA MAX. TRACE 

************ ****** ************* ********** ***** 
~2 Oo24414366E-Q7 Oo8327 lo375 

1i CORRELATION COEFFICIENTS 
13 L Q C 
22 L -o0684 o0912 ~·2208 
23 Q o0912 -o5477 -•6425 
32 C ol452 -.1936 o4685 

*-*-*-*-*-§-*-*-*-*-*-*-*-*-•-•-*-*-*-*-*-*-*-·-~-· SET NOo = 48 DESIGN VALUE OF DET. LAMBDA MAXo 
************ ****** ************* ********** 

~2 Oo24414362E-07 0 0 4114 

l~ CORRELATION COEFFICIENTS 
13 L Q C 
22 L ol479 o5477 ol936 
23 Q o2958 -.o912 -.2581 
33 c • Z091 -.o s22 • 6542 . 

*-*'--* TRACE 
***** 
lo050 

*-*-*-*~-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
SET NOo ~ 49 DESIGN VALUE OF DET. LAMBDA MAXo TRACE 
************ ****** ************* ********** ***** 02 Oo24414274E-07 0 0 5297 1olOO 

tY CORRELATION COEFFICIENTS 
13 L Q C 
22 L -o2850 -.1315 o0620 
31 Q o09l2 -.5477 -.1936 
32 C o3643 -•0383 o6507 

*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* * • *...C •-a-• '*-* SET NO• ~ 51 DESIGN VALUE OF DET. LAMBDA MAX. TRACE 
************ ****** ************* ********** ***** 

02 Oo24414256E-07 0 0 4695 lolOO 

l~ CORRELATION COEFFICIENTS 
13 L Q C 
22 L olOOO o240l - 0 0880 
32 Q .4166 -·1666 -·3666 
33 C o4375 o()700 o6930 

*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-R-R-*-* n SET NO• c 52 DESIGN VALUE OF DET. LAM~OA MAXo 
************ ****** ************* ********** ' 02 Oo244l4230E-07 1,5177 

I~ CORRELATION COEFFICIENTS 
13 L Q C 

~i a ::5!~6 ::9:~~ -:~~~6 
32 C ol345 -o4200 o3823 

*-*-* 
I RACE 
**** 1o950 

--·-·--·-·--·-*-*--*-*-*-•-·-·-·------·-*-*-*-*-*-*-* 



SET NO• " 54 
************ 

DESIGN VALUF OF DETo LAMBDA MAXo 
****** ************* ********** 

q~ Oo24414338E-07 Oo7746 
li CORRELATION COEFFICIENTS 
13 L Q C 
23 L .1297 .3202 -·0188 
32 Q 0 2700 -.4166 -o6285 

TRACE 
***** 
!.375 

33 C o2268 -.3150 o3795 
~~-·-·-•-*-+-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* SET NO• a 56 DESIGN VALUe OF DETo LAM~DA MAX. TRACE 

************ ****** ************* ********** ***** 
02 Oo24414335E-07 Oo5502 lo125 

lq CORRELATION COEFFICIENTS 
21 L Q C 
22 L -.2051 o2051 o4352 
23 Q .osoo -.3999 -·1060 
31 C -.2200 -o4819 o4685 

*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-._._*-*-*-* SET NO• = 57 DESIGN VALUE OF OETo LAMBDA MAX. TRACE 
************ ****** ************* ********** ***** 

~2 Qo24414315E-07 Oo7152 lo325 

1~ CORRELATION COEFFICIENTS 
21 L Q C 
22 L o0256 o2051 -•0544 
23 Q .2999 -.3999 -.6363 
32 C -•0602 -o4819 o1277 

*-*-*-*-*-*-*-*-* * ~ *-*-*-*-*-*-*-*-*-* I *-*-*-•**-**-~*-* SET NOo = 58 DESIGN VALUE OF DETo LAMADA MAXo TRACE 
************ ****** ************* ********** ***** 

02 Qo24414354E-07 Oo4469 lo'l25 

l~ CORRELATION COEFFICIENTS 
21 L Q C 
22 L o2249 o6087 o2950 
23 Q 0 4$23 o0912 -•3067 
33 c .o88o -.1466 .385o 

----·--*--*--·----*---*-*-*-* ~ ·-~ ~ ..... SET NOo = 60 DESIGN VALUe OF DETo LA!d<IDA ~1AX'o 
************ ****** ************* ********** 

~2 Oo2441428~E-07 0.4114 

1£ CORRELATION COEFFICIENTS 
21 L Q C 
22 L o0684 o4l07 o4195 
31 a .5477 o0912 -·0322 
33 C o2208 -.0803 o5253 

-·-*--*-*-*-*-*-*-*-*--*-*-11-ll-'t-*-*-* § !:1-R• I II 
SET NO• =H61 DESIGN VALUE OF DET. LAMBDA MAX• 
··~···~** ****** **~********** ********** 02 Qo24414326E-07 Oo6346 

1~ CORRELATION COEFFICIENTS 
21 L Q C 
22 L o2510 ,4107 e0322 
32 0 a7302 o0912 -.41~5 

. 33 c .3413 -.0603 .2697 
*-*-*-*-*-*-*-*-*-*-*-*-*-·-·-·-·-*-*-*-*-*-*-* * * SET NO• = 62 DESIGN VALUE OF DETo LAMBDA MAX. 

**********llll ****** ****-**lHHHH!!I!!:! !:!ll!l!i~-lHI·!:!***· 
~~ Oo24414246E-Q7 1o0463 

1£ CORRELATION COEFFICIENTS 
21 L Q C 
23 L -.o912 .o912 .1936 
31 Q .2282 ~.5477 -.4841 

I*-* 
TRACE 
***** 
lo050 

•-*-* TRACE 
***** 
lo250 

~~-­TRACE 
***** 
lo575 

32 c -·0602 -.6425 .1277 * •-*-*-*-*-*-*-*-*-*--·--·-·--·-•-*-*-*-*-* • *-*-•-• SET NO• = 64 DESIGN VALUE OF DETo LAMBDA MAX, TRACE 
************ ****** ************* ********** ***** 

~2 Oo24414349E-07 Oo9l92 lo500 

2
1£

1 
CORRELATION COEFFICI~NTS 

L Q C 
23 L o240l o4166 o0700 
2333 Q .5204 -.1666 -·6651 

C ol585 -,3666 o0462 
*-*-*-*-*-*-*-*-*-*-*-*-*-•-*-*-·--·--·-·--*-*-·---·-· 



SET NO• q 65 
************ 

-:>-'1.-

DESIGN VALUt Of DETo LAMBDA MAX. 
****** ************* ********** 

02 Qo24414324E-07 Ot6346 
210 1 CORRELATION COEFFICIENTS 
21 L Q C 
31 L ol479 o2958 o2091 
32 o .7302 -.o912 -·4195 
33 C o4088 -.2581 ol977 

TRACE 
***** 1.250 

v ·-~ *-*-~*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-• * ft SET NO• ~ 66 DESIGN VALUE Of DETo LAMBDA MAXo 
"ll-*-* 
TRACE 
***** 
1o375 

************ *W**** ****~******** ********** 
~2 0• 24414379E-07 ' o. 8327 

1~ CORRELATION COEFFICIENTS 
22 L Q C 
23 L - 0 0684 o09l2 o1452 
31 Q o0912 -.5477 -ol936 
32 C -o2208 -o6425 o4685 

--~ *-*-*-*-*'--*-·---*-*--*-*----* I *-*-*-11-i!--*-* SET NOo ~ 67 DESIGN VALUE OF DETo LAMBDA MAX. TRACE 
*******~HUE·** ****** ************* *iii-if******* ***** 22 Oo24414278E-07 Oe4695 1o100 

l~ CORRELATION COEFFICIENTS 
22 L Q C 
23 L olOOO o4166 o4375 
31 Q o240l -.1666 •0700 
33 c -·OB8o -.3666 o6930 

• •-•·*-*-*-*-*-*-* §-*-*-*-*-*-*-*-*-~-· * * '*-*-* SET NOo q 69 DESIGN VALUE OF DETo LAMBDA MAX. TRACE 
************ ****** ***********~ ********** ***** 

02 Oo24414304E-07 0 0 4114 lo050 

~£ CORRELATION COEFFICIENTS 
22 L Q C 
31 L ol479 o2958 o2091 
32 Q .5477 -·0912 -·0322 
33 C ol936 -o2581 o6542 

!t !t-!t ·*-----*--* I *-*-*--*-*-*-*-*--*---*-*-*-\* SET NOo q 70 DESIGN VALUE OF DETo LAMBDA MAX. TRACE 
************ ****~~ ************* ********** ***** 

~2 Qo24414333E-Q7 0,7746 lo375 

lq CORRELATION COEFFICIENTS 
23 L Q C 
31 L o1297 ,2700 0 2268 
32 Q .3202 -.4166 -·3150 
33 . C -oOl8B -,6285 .::\-795 

*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*----~*-*-*·-~----*-* 
SET NO• " 72 DESIGN VALUE OF DET • LAMBDA MAXo TRACE 
************ ****** ************* ********** ***** 

02 Oo24414270E~07 Oo5246 lo050 

l2 CORRELATION COEFFICIENTS 
13 L Q C 
21 L -,5749 -·0500 •6010 
22 Q -·0500 -.3999 ol060 
31 C o 6010 ol060 •0375 

*-* ·~-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* SET NOo " 73 DESIGN VALUE OF DET • LAMBOA t4AXo TRACE 
************ ****** ************* ********** ***** 

22 Oo24414289E-07 Oo55Q2 lol25 

12 CORRELATION COEFFICIENTS 
13 L Q C 
21 t ~.3334 -.osoo .o8o3 
22 Q ·2051 -,3999 -·4819 
32 C o7073 o1060 -•1703 

*-*"*-*-*-*-*-*-*--*-*-*-*-*-*-*-*-*-*-* [ *-*-*-*-*-*-* SET NO• ., 74 DESIGN VALUE OF DET • LAMBDA f4AXo TRACE 
************ ****** ************* ... ******* ***** 

02 0•24414306£-07 0.6354 lol75 

1g CORRELATION COEFFICIENTS 
13 L Q C 
21 L -•0684 o4107 ,4819 
2.2 Q ,4107 .o 912 -· 0803 
33 c .7100 .2581 -·0283 

*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*--*-~*-*-*-*-*-*-* 



SFT NO• ,. 75 
************ 

- ::~oo-

DESIGN VALUC OF DET• LAWIDA MAXo 
****~ ************* ********** 

~2 Oo244l4264E-07 0.5297 

1~ CORRELATIO~ COEFFICIENTS 
13 L Q C 
21 L -.4385 o0912 o7669 
23 Q -.1315 -.5477 -·0383 
31 c .3876 -.1936 -·2033 

--~~ II ~~--------·-*-*-4--11-4-*-11-4-*-*-*-1 t1 II SFT NO• P 76 'DESIGN VA!.UE OF OETo LAM90A MAXo 
•*********** ****** ************* ********** 

~2 Oo24414266E-07 1o1791 

l~ CORR~tATlON COEFFlCI~NTS 
13 L Q C 
21 L -.2282 o0912 o2008 
23 Q •0912 -.5477 -·6425 
32 c .4841 -.1936 -·4259 

11-*-tl-4-11-11-4-4-4-~4-*-*-*-4-11 11-11-*-*-*-*-4-R II ~ 
SET NO• ., 77 DESIGN VALUF OF DET • LAMBDA 14AXo 
************ ****** ************* ********** 

~2 Oo24414337E-07 Oo6354 

1~ CORRELATION COEFFICIENTS 
~3 L Q C 

•-*­TRACE 
***** 
lol75 

z! ~ 0:~ggg -:g~I~ -:~~~! 
33 c .5229 -·0322 -.3042 

*-*-*-*-*-*-*-*-*-*'*-*-*-*-*-*-*-*-*-*-*-*-*~-*-*-*-* SET NO• = 78 DESIGN VALUE OF DETo LAMBDA MAX. TRACE 
************ ****** ************* ********** ***** 

02 Oo24414304E-07 0.5297' 1.100 

i~ CORRELATION COEFFICIENTS 
13 L Q C 
21 L -.4385 -ol3l5 o3876 
31 Q o0912 -o5477 -ol936 
32 c .7669 -.0383 -.2o33 

--•-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* a ~~-•~•-*-* SET NOo a 79 DESIGN VALUE OF DETo LAMBDA MAXo TRACE 
************ ****** ************* ********** ***** 

~2 Oo24414201E-07 0~6839 lol50 

1~ CORRELATION COEFFICIENTS 
13 L Q c 
21 l -.2115 o2401 o7231 
31 Q o2401 -.1666 •0700 
33 C o 7231 o0700 -.1323 

~ •-•-•-*-*-*-*-*-*-4-*-*-*-*-*-*-*-*-*-*-* •-a a-a-4-*-* 
SET NOo = 84 DESIGN VALUE OF DETo LAMBDA MAXo TRACE 
************ ****** ************* ********** ***** 

~~ Oo24414274E-o7 Oo5485 1ol25 

lZ CORRt:lAHOI'l COEfffCI£NT'S 
13 L Q C 
22 L -.4049 -.1315 o3346 
31 Q -•0468 -o5477 ol099 
32 C o5704 -.n383 o2772 

--.-•-*-*-*-*-*-*-4-*-*-*-*-*-*-*-*-*-* 1 * a *-*-*-*-* SET NOo = 85 DESIGN VALUE OF DETo LAMBDA MAX. TRACE 
************ ****** ************* ********** ***** 

~2 Oo24414295E-07 Oo5015 1olOO 

12 CORRELATION COEFFICIENTS 
~~ L -.Iao1 .~401 .~516 
31 Q o1249 -ol666 o4032 
33 c • 5601 •0700 • 3696 

*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* § *-*-*-*-• ~ *-*-*-• 
SET NO• = 87 DESIGN VALUE OF DET • LAMBDA MAXo TRACr 
************ ****** *****~****** ********** ***** 

02 Oo24414S07E-07 1.0306 lo700 

12 CORRELATION COEFFICIENTS 
13 L Q C 
23 L -o3202 -o0400 o4Q50 
31 Q -·1666 -.7499 -.lQ99 
32 C o3150 -o4200 -•0616 

._._._._*-*-*-*-*-*-•-•-*-*-*-•-*-*-* * *-*-*-*-*-*-*-*-* 



DESIGN VALUE OF DETo LAMADA ~AXo 
·~·.. ************* ********** 22 Oo24414274E-o7 Oo5897 

1~ CORRELATION COEFFICIENTS 
13 L Q C 
23 L -.1297 .32g2 o1737 
31 Q o.oooo -.41 6 .1964 

TRACE 
***** 
1.175 

33 C o3403 -.3150 o0330 
•--•--*-*-*-*-*-*-*-*-*-*-•--il-*-*--*--* a * a •-*-* SET NOo a 91 DESIGN VALUE OF DETo LAM9.DA MAXo TEACF' 

************ ****** ************* ********** *-**~ 
~2 Oo24414335E-07 0,5502 
12 CORRELATION COEFFICIENTS 
21 L Q C 
22 L -.3334 .2o51 .7073 
23 a -.osoo -.3999 .lo6o 
31 c .oaoa -.4819 -.11oa 

·--·--*-*-*-*-*-*-*-*--·-·--·-~*-*-*-*-*-*-*-*-*-*-* SET NO• a 92 DESIGN VALUE OF DETo LAMBDA MAX. TRACE 
************ ****** ************* ********** ***** 

02 Qo24414276E-07 Oo8137 lo325 

~~ COR~ELATION COEFFICIENTS 
21 l Q c 
22 L -·1052 ,2051 o2472 
23 Q o2051 -.3999 -.4819 
32 C o2472 -.4819 -.5806 

*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* SET NO• • 93 DESIGN VALUE OF DETo LM\BLJA MAX. TRACE 
************ ****** ************* ********** ***** 

22 Oo24414315E-07 Oo4564 1o125 

19 CORRELATION COEFFICIENTS 
21 l Q c 
22 L· •1170 o6087 o6180 
23 Q .4107 o0912 -.0803 
33 C o3666 -.1466 -o3225 

ll--it-*-*-*-*-*-*-*-*-*-*-ll--ll--ll--*-* ~ ·--- ll: II I ~­SET NO• = 95 DESIGN VALUE OF DETo LAMBDA MAX• TRACE 
************ ****** *******•***** ********** ***'** 

22 Oo24414268E-07 Oo6354 1ol75 

12 CORRELATION COEFFICIENTS 
21 L Q C 
22 L -•0684 o4l07 o7lOO 
31 0 o4l07 o0912 o2581 
33 C o4819 -.0803 -o0283 

----·-·-·---*-*---*-*-*-*-*-*-*-*-+-ll--11 !I 1-41-*-li­
SET MOo = 96 DESIGN VALUE OF DETo LAMBDA MAX. TRACE 
************ ****** ··~~********* ********** ***** 

~2 Ot24414324E-07 Oo4564 1.125 

12 CORRELATION COEFFICIENTS 
21 L Q C 
22 L ol170 .4107 o3666 
32 Q o6087 o0912 -o1466 
33 c ,6180 -.o8o3 -·3225 

ll--* II I *-*-ll--ll--*-* •* 11-*-*-*-*-*-*-*-*-* K-ll- *••* II 
SET NO• = 97 DESIGN VALUE OF DETo LAMBDA MAXo 
************ ****** ************* ********** 

~~ Ot24414344E-07 1.1791 

12 CORRELATION COEFFICIENTS 
21 L Q C 
23 L -,2282 .o912 .4841 
31 0 o0912 -.5477 ~ol936 

·-·­TRACE 
***** 1.625 

32 C o2008 -.6425 -.4259 
*-4-*-*-*-*-ll--ll-ll- I If *-*-*-ll--ll--ll--*-ill-*-ill-*-*-*-*-*-*-*-* 

SET NO• • 99 -DESIGN VALUE OF DETo LAMBDA r~AXo TRACE 
************ ****** ************* ********** ***** 

22 0~24414282£-07 Oo9258 lo425 

19 CORRELATION COEFFICIEVTS 
21 l Q c 
23 L el250 o4166 o4032 
32 Q ~4166 -.1666 -.3666 
33 C o4032 -.3666 -.5806 --·---·-·--·--J* ~ ·-·-·---*-*-*-*-*-*~~ •-•-*-* <t.l1nMUoi.\!Wl!{)lllo 1\lUi!Lh! UAHI£1 llllt lttfTA. U\~AIMI\ • DR.I\K1,A 



SFT NO. =100 
··-******** 

DESIGN VALUE OF DETo LAM~DA MAXo 
****** ************* ********** 

q~ Oo244l4298E-o7 Oo6354 
!z CORRELATION COEFFICIEOTS 
21 L Q C 
31 L 0•0000 o2958 o5229 
32 Q o5477 -.0912 -•0322 

TRACE ·-­lol75 

33 C o6454 -.2581 -.3042 
~-· ·-·-·-·-·-·-·--·-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* SET NOo =101 DESIGN VALUE OF DETo LAM8DA MAXo TRACE 

************ ****** ************* ********** ***** 02 Oo24414271E-07 0 0 7332 lo325 

l~ CORRELATION COEFFICtEOTS 
22 !. Q c 
23 L -o2107 o0912 o4949 
31 Q -o0468 -.5477 o1099 
32 C o0412 -.6425 -o0967 

*-*-*-*-*-!!~-*-*-* M *-*-*-*-*-*-*-*-!! l !!-R § *-*-*-* 
SFT NO• =102 DESIGN VALUE OF DFT • LAMBDA ~IAXo TRACE 
************ ****** ************* ********** ***** 

22 Oo24414331E•07 0 0 5287 lol75 

12 CORRELATION COEFFICIEOTS 
22 L Q C 
23 l -•0208 o4166 o7882 
31 Q o1249 -ol666 o4032 
33 C o1466 -.3666 o0967 --·-----·-*-* It •• *-*-*-*-*-*-*--!! II' *-*-*-*-*-­SET NOo =104 DESIGN VALUE OF DETo LA~BDA MAXo TRACE 

************ ****** ************* ********** ***** 
22 Oo24414357E-07 Oo4564 lo125 
12 CORRELATION COEFFICIEOTS 
22 L Q C 
31 L 0•0000 o2958 o5939 
32 Q o3746 -o0912 o4032 
33 C o4415 -o2581 ol728 

·----·--- * I! I -·---!t-ll !! ll 11-!1 ~ It I 1-li--*-*­SET NO .. al05 DESIGN VALUE OF DET • LAMBDA ~1AXo TRACE 
************ 1!1!1!1!§1! ************* ****** ... * **~** 

~2 Oo24414296E-07 Oo7966 1o375 

l~ CORRELATION COEFFICIEOTS 
23 L Q C 
~~ ~ o:£ggg -:iigg :~9~§ 
33 C o1964 -.6285 -.1928 

-·-·--·--·-·-*----·-*-*-*-*-*-*-*-* • ·---*-*-*-* 
SET NOo '"106 DESIGN VALUE OF DET • LAMBDA MAXo TRACE 
************ !!***** **·*********** ********** ***** ' 02 Oo24414241E-07 0 0 5485 lol25 

~g CORRELATION COEFFICIENTS 

~~ L -.ko49 -.g468 .~704 
23 Q -.1315 -.5477 -·0383 
31 C o3346 ol099 o2772 

*-*-* 1 •---•-*-* ~ a *-*-*-*--*---* M * * * *-*-*-* SET NCo =107 DESIGN VALUE OF DETo LAMBDA MAXo TRACE 
************ ****** ************* ********** ***** 

g2 Oo24414276E-07 Oo7332 lo325 

1~ CORRELATION COEFFICIENTS 
21 L Q C 
22 L -.2107 -.0468 o0412 
2s a .o912 -.5477 -.6425 
32 c .4949 .1099 -·0967 

--·--·-·-·-·-·-*-*-*-*-*-*-*-*-*-*-*-*-*----·--·-· 
SET NO• =108 DESIGN VALUE OF DETo LAMPDA MAXo TRACE 
************ ****** 1!1!1!1!1!1!1!****** ********** ***** 

22 Oo24414331E-07 Oo4564 lol25 

lg CORRELATION COEFFICIENTS 
21 L Q C 
22 L 0•0000 o3746 o4415 
23 o .2958 -.o912 -·2581 
33 C o 5939 o4032 ol728 --·--·-·---*-*-*-*-*-*-* » * ----·-----*-*-*-* 



SET NO• =110 
****ll-******* 

DESIGN VALUE OF DET. LAMBDA MAX. 
****** ************* ********** 

~2 o,244l430lE-07 0 0 5015 

lg CORRELATION COEFFICIENTS 
21 L Q C 
22 L -.1801 ol249 o560l 
31 Q • 2401 -.1666' ·0700 

TRACE 
***** 
1·100 

33 C o6S16 o4032 o3696 
*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* SET NO• =111 DESIGN VALUE OF DET. LAMBDA MAX. TRACE 
******~**** ****** ************* ********** ·~·· 02 Oo244l4297E-07 0 0 5287 lol75 2 . 

19 CORRELATION COEFFICIENTS 
21 L Q C 
22 L -•0208 ol249 ol466 
32 Q .4166 -.1666 -.3666 
33 C o7882 o4032 o0967 

" •-*-*-*-*-*-*-*-" u n *-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* SET NOo =112 DESIGN VALUE OF DET. LA~1BDA MAXo TRACE 
************ ****** ************* ********** ***** 

~2 Oo24414273E-07 lo206l lo700 
lg CORRELATION COEFFICIENTS 
21 L Q C 
23 L -·3202 -.1666 o3150 
31 Q -·.0400 -•7499 -.4200 
32 C o4050 -•1099 -•0616 

*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-+-* * w *-*-*-* SET NO• =114 DESIGN VALUE OF DETo LAMBDA MAXo TRACE 
*********~** ****~ ************* ********** ***** 

02 0•24414315E-o7 Oo7986 1.375 2 . 
1g CORRELATION COEFFICIENTS 
21 L Q C 
23 L 0•0000 o1666 ~1964 
31 Q o2700 -.4166 -o6285 
33 C .5939 o1099 -.1728 

*-*-*-*-*-*-*-*-4-il-1 I 11-*-*-*-*--*-*- II ~ *--*'-*-*-*--* SET NO• =115 DESIGN VALUE OF DET• LAMBDA MAXo TRACE 
************ ****** ************* ********** ***** 22 Oo24414328E-07 0 0 5897 1 0 175 

lg CORRELATION COEFFICIENTS 
21 L Q C 
31 L -·1297 OoOOOO o3403 
32 Q e3202 -.4166 -o3150 
33 C o7737 o1964 o0330 

*-*-*--*-*-*-*-*--·--*-*-*--*-*-* II ll *-*-4-*-*-*-* SET NOo ,;116 DESIGN VALUE OF DET • LAMBDA MAXo TRACE 
************ ****** ************* ********** ***** 02 Oo24414274E-07 0.8940 lo450 

20 
13 CORRELATION COEFFICIENTS 
22 l Q c 
23 L -·3124 -.1666 ,2749 
31 Q -·1666 -.7499 -·1099 
32 C o2749 -.1099 o3225 

*-*-*-*-*-*-* * *-*-*-*-*-*-•-o-•-n *-*-*-* •-• • *-*-*-* SET NO• =117 DESIGN VALUE OF DET • LAMBDA t~AXo TRACE 
......... ~.. ****** ************* ********** ***** 

~2 Oo244142~8E-o7 Oo3837 lo050 

1g CORRELATION COEFFICIENTS 
22' L . Q c 
23 L -•1350 o1666 o6Q88 
31 Q OoOOOO -o4166 ol964 
33 C o3563 ol099 o5530 

* * ·--·------·-----·-·-·------*--·-----· §---· SET NO• =119 DESIGN VALUE OF DETo LAMRDA MAXo TRACE 
************ ****** ************* ********** ***** 

02 Oo24414297E-07 0~3837 lo050 

lg CORRELATION COEFFICIENTS 
22 L Q C 
31 L -ol350 0•0000 .3563 
32 Q o1666 -.4166 •lo99 
33 C o6088 .1964 •5530 

.---*-*--·-----·-*-*-*-*-*-*-*_-*_ 4 *-W-*-*-*-* 



SET NO• =120 
******-**** 

DESIGN VALUE Of DET. LAMBDA MAX. 
****** ************* ********** 

02 0•24414300E-Q7 Oe8940 
210 3 CORRELATION COEFFICIENTS 

~i L -.t249 O•gOOO .~8L8 
32 Q 0·0000 -.7499 -.1964 
33 c .3818 -.1964 .2222 

•• 

TRAcE 
***** 
1.450 

•-*-*-*-*-*-*-*-* * * *-*-~-*-*-*-*~*-* 



APPeNDIX-B 
e=-:=-::.:t:::::c::=..=. 

TABLE-l 

TABLo-3 

1olOQ 

lol25 

1o150 
lal75 

(f-QPTIMALl 
*-*-*-*-*-*-*-*-*-*-*-•-*-*-*-•-•-*-*-*-*-*-* § • *-*-*-* 

RANK * SET NOS. * MINo OF LAMDA MAX. 
*-*-¥-*-*-*-*-*-*-•-•-•-*-•-*-*-*-*-f-*-*-*-*-*-*-*-*-*-* 

1 I 117t119 Oo3837 
2 9, 48, 60• 69 Oo4114 
3 30t 39 Oo4350 
4 31t 58, 93 Oo4469 
5 9Btl04,l08 Oa4564 
6 5lt 67 Oo4695 
7 85tll0 Oo50l5 
8 3, 7, 37• 72 0·5246 
9 I 46, 49, 75o 79,102t111 Qo5297 

10 : 8t 56t 73t 84, 9lol06 : Oo5502 
21 I 9? "' I Oo8137 
•-+-*-*-*-*-*-*t*-*-•-•-*-*-•-·-·-·-*-·-·-•-*-*-*-*-*-*-* 

TABLE-4 

(C-OPTIMALl 
*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-!-*-*~ * *-* 

RAIIIK * SFT NOS. * '\><: .b<.i 
*-*-t-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*,*-*-4- ~*-*-*-*-*-* 

1 I 117 I 28o35 
2 : 7. 37 : 37."14 
3 1 119 1 47o76 
4 : 60 I 49o68 
5 1 ~1 I 55a80 
~ I 69 I 59.13 
7 I 67 64o75 
8 1 31 66o38 
9 : 3 I 71o16 

10 I 72 1 71o17 
49 1 92 I l66o18 

·• I, "' ."!:. " "K x_ ,.>e.~.K.-.)£.-•-*-.~-*-*-*'-*-*1*-*-*-*-*-*-*-* *-* 



APPJ;NDIX-C = = :ru=:n::::: =--:::c 

TABLE-1 

I R 11 -QRTHOt;ONALl 
*-*-*-*_.-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-· ft *-*-*-*-*-*-* 
RANK* SET NOS. * lR 1 l 
*-*-~-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-t-*-*~-·-· 

1 I 77tl00ol04ol05,108oll4 I OoOOOO · 
2 : 5t 24t 27t 30. 39. 57tl02tl11 i 0.0219 
3 1 21 I OoOlo.99 
4 

1 
~3• 45, 6~ : o.o576 

5 9t 47t 66t 74t 95 l Oo0684 
6 1 llt 62 1 Oo0912 
7 1 51• 67, 92 : o.tooo 
8 1 93t 9!,. 99tl20 , 1 Ooll7Q 
9 : 54t 70t 8Btll5 l Ool297 

10 1117•119 I Ool350 
*-*-•-·-·~-·-·-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 

TABLE-2 

I Rp. -oRTHOGONAL I 
·-·-·~*-*-*-*-*-*~-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
RAN"!(* SET NOS o * I R )2.. I 
*-*-t7*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-4-f-~ ~ 4 • *-* 

1 1l15•119tl20 I OoOOfJO 
2 I 52t 87 I Oo0400 
3 1 3t 4t 7t Bt 37t 3Bt 72t 73tl06t1Q7; Oo0500 
4 I 46t 47t 62t 66t 75t 76t 97o1Ql I 0o09l2 
5 11l0tll1 1 Ool249 
6 I 43t 49t 7Bo 84 1 Oo13l~ 
7 lll2tll4tl16tll7 0.1666 
8 1 56• ~7. 91, 92 o.2o51 
9 1 lOt 11 I Oo22l:l2 

10 I 51• 79t 85 I Oo240l 
·--~~--·- ~·-·-*-*-*-"""-*-*-*--!!--*-*-*-4-*-4-*--*-*-* t •-*-* 



TABLE'-8 

0.1466 
0.1936 o .. l964 
o.25Bl 

8:4RN 
• a • *-* 



TABLE-10 

lC -DRTHOGO~ALl 
*-*-~*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-* 
PANK* SET NOS. * I 
*-*-f-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-t-*-*-*-*-*-* 

1 i 47t 66 1 712 
2 I 120 I 738 
3 I 27, 57 I 748 
4 : 117 I 786 
5 I 119 : 804 
6 11t b2 805 
7 101tl07 : 812 

1~ ' iq~ i~l 
15 I 92 890 

I 
I I 

*-*-*-*~-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*-*' 
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