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f 'unction f depends on t h e  model. I s h a l l  denote t h e  n~mljer of indepen- 

dent  v a r i a b l e s  by pi s o  t h a t  x i s  a p o i n t  i n  a p-dimenslonal reg ion  X 

i n  which i t  i s  feasib1.e t o  perform experiments. 

i 

The l eas t - squa res  es t imate  of  B i s  b ::? ( X ' X ) - l & ' x J  and the covariance - - -  - 
A -1 2 matrix of - f3 i s  ( X ' X )  - -  

mated) va lue  of  the " t rue"  response i s  y(x) = f (x )  ' B .  

cor rec t ,  t he  expec ta t ion  o f  y (x)  i s  ~ ( x ) ,  t he  mean va lue  of t h e  response 

a t  the po in t  x. 

0 . At any po in t  x E X ,  t he  pred ic ted  ( o r  e s t i -  
A 

If t h e  model- i s  - I 

A 

h -1 2 The var iance  of y (x )  i s  given by V ( X )  = f (x ) ' (X 'X)  - z(x)c; . 
Severa l  c r i t e r i a  have been advanced f o r  t h e  purpose o f  compari.ng 

designs,  and f o r  cons t ruc t ing  opt imal  designs.  One of the most popular 

i s  the maximization of I X ' X l .  - 
given by Box and Dfaper.2 

c r i t c r i o a  i s  t h a t  designs which a r e  optimal wi th  r e spec t  -to i t  are i n v a r i -  

A b r i e f  d i scuss ion  of t h i s  c r i t e r i o n  i s  

One of t h e  a t t r a c t i v e  f e a t u r e s  of the  IX'XI - -  

ab ly  "good" i n  o ther  r e spec t s  ( e . g . ,  low var iances  f o r  'che parameters,  

low c o r r e l a t i o n s  among parameters,  l o w  maximum ~ ( x )  over X). Modifying 

s1jghtl.y the  nomencla.tu.re of  Kj.efer7 I s h a l l  r e f e r  t o  des igm t h a t  maxi- 

mize IX'X\ , given a s p e c i f i e d  l-inear model and a vaI.ue of n, as  "D- 

opthm,l"  des igns .  

There has been SGIW a- t tent ion given t o  cons t ruc t ing  0-optimal dc- 

s igns  f o r  spec i f ied .  n b u t  t h e  problem i s  a v e r y  d i f f i c u l t  one, even w.i.th 

t he  he lp  of a computer. The most f r equen t ly  encountered d i f f i c u l t i e s  are . 

(j.) 

( i t )  

t h e  1-arge number of  variab1.es (np) which niust; be handled; 

t he  coniplex na tu re  of L?e  ob jec t ive  func t ion  I X ' X l  - , e s p e c i a l l y  

the  ex i s t ence  of  s e v e r a l  local. maxima. 

Fur ther  & i f  ficu1:Lles a r i s e  i f  each independent vari.ab1.e i s  requi red  to 

take one of a s p e c i f i e q  numbw of l e v e l s ,  as f o r  example, i n  a f a c t o r i a l  

type of experiment. This  then  becomes an in-tc.gcr programming problem. 
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Probably as a r e s u l t  of t h e  computational d i f f i c u l t i e s ,  very f e w  new 

des igns  i n  t h e  l i t e r a t u r e  G W ~  Vneir ex i s t ence  t o  t h e  appl. ication of com- 

pu te r  a l g o r i t m s  t o  the maximization of I x ' x ~ .  - 
The purpose of t h i s  r e p o r t  i s  t o  descr ibe  a new a lgor i thm and t o  

d i scuss  i t s  a p p l i c a t i o n  t o  t h e  cons$ruction of D-optimal. designs f o r  

f i r s t - o r d e r  l i n e a r  models. Extensive t a b l e s  of t hese  designs a r e  given 

i n  Appendix 111. 

t h a t  t he  reader  has  a pas s ing  f a m i l i a r i t y  wi th  t h e  nomenclature of &a- 

t is t ical .  experimental  designs. 

Al.though I s h a l l  t r y  t o  be f a i r l y  e x p l i c i t ,  1 am assuming 

2. THE ALGORITHM 

8 Original.ly, the a lgor i thm was c rea t ed  to exckiaI1ge design p o i n t s  

i n  the fo l lowing  way. 

i n i t i a l  s e t  of n runs i s  then improved by 

S t a r t i n g  wi th  a randomly chosen n-r.un design, 1;he 

(i) adding an  (n+l.)st m, chosen so  t h a t  t h e  maximum poss ib l e  

inc rease  i n  l&'sl i s  achieved, then  

removing ( s u b t r a c t i n g )  t h a t  run i n  t h e  r e s u l t i n g  design which 

r e s u l t s  i n  t h e  minimum poss ib l e  decrease i n  lz's\. 
These two s t e p s  a r e  accomplished by f i rs t  atlding t o  t h e  original. design 

t h a t  po in t  a t  which v(x) i s  maximum, then  s u b t r a c t i n g  from the  r e s u l t i n g  

(nt-1)-run design t h a t  p o i n t  a t  which v (x )  i s  minimm. 

shown t'nat t h e  r e s u l t i n g  n-run des ign  has  \&'XI g r e a t e r  Lhan ?IC equal t o  

t h a t  of t h e  or ig ina l . .  

design by s u b t r a c t i n g  a p o i n t  f i r s t  and t h e r  adding a p r i n t .  

. (ii) 

It can eas i ly  he 

Simi lar ly ,  one c0ul.d a t tempt  t o  improve the o r i g i n a l  

This b a s i c  al-gorithm has r e c e n t l y  been modified t o  p e m i t  the replace- 

ment of more than  one p o i n t  of t h e  o r i g i n a l  design at each i t e r a t i o n .  

requirement t h a t  an  (n+ l ) -po in t  d.esign be r e t u n e d  immediateLjr t o  an 

The 



4 

n-point  design through the  subtrac'i:ion o f  a lpoi.nt has been re laxed .  Tlnc 

a , l . s o r i t h i  i s  now perm.? tt(:<?. t o  make a n  "exciirsion" i n  which r iesi  gns of 

various sLze;: a r e  const,ructed. (always by adding 01- sii.btrac'iing a singl.-e 

po in t  from the  prev-ious design i n  t h e  excursion) ,  eventuaI.ly r e t u r n i n g  

to an n-point  design. If' no ingrovement i.ii the deterixinant i s  made, a l l  

the  deslgn.s cons t ruc ted  on t h e  excursion are ostracized by placing them 

i n  a s e t  oi" "Tai lure  designs"  c;=,!.led F. l 'he s e t  F is t hen  i.i.sed to gaide 

LUC CoUi-se of the  next excursion, which always s t a r t s  wi th  thc  curyent ly  

best n-poin t  3esi.gn. The choice o f  whether t o  begin an excixsi.on with 

t h e  a d d i t i o n  or  sub t r ac t ion  of a point; i s  ma& randomly. 

' 

L l ,  

Letliiilg i) be tile c u r r e n t  desi.g? at any po in t  dupii1.g the course of 

an excursion, the r u l e s  f o r  cont inuing  t,he excursion art' as fol lows : 

(i) If' the i?1.>!H'cl?:~ of po in t s  .i 11 D excezds n, subtract a poin t  i f  

D i s  no t  i n  F and add a po in t  otherwise. 

I f  the  nm'o::r of p o i n t s  ii-1 D i s  I-ess than 11,. a"lti a poin t  i f  D 

is not i n  F aiiJ su'u'cract H poii-tt otiierwise. 

(ii) 

(TQ rletcimiiw whztiiei- or not  D i s  i n  F, only t'ne de t c rn inan t  of X ' X  i s  

examined. Th? s is not  a fool proof riietiiod f o r  tcs t i i ig  the equivn1e:ice 

of  designs: si.rice t?.!o d i f f e r e n t  dcsi.gns may have the same IX'Xl. 
ever,  iLs use  does not sscm 'GO iiiipaii- the overal l .  performance of t h e  

algm-j-thu, and i t  takes onl~y a fracti-oi-L (of t hc  t h e  t h a t  waul-d be re- 

qui red  by ail rxsc-t  t e s t  of equivalence.  ) 

.- I 

How- 

- 
A - t  i s  easy t o  see that, a t  the  beghnir ig ,  wiier! t h e  s e t  8' i s  empty, 

Liie algorithm sinFly arids a n 3  t h i l r i  s u b t r a c t s  ( o r  s u b t r a c t s  and then adds) 
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c 

of' an n-point design, ixiless it comes to 8 design i n  P, which has already 

!.e13 .Lo fa i l ix re .  %hen it reverses  d i r ec t ion ,  after a,tl&ing t o  F Liiosc? de- 

signs cons t ruc ted  during the excwsi.on up t o  that po in t .  

Each time sn excursion improves t h e  cu.rrcnt:!.g best  ri-point design 

( i . ~ . ~  i nc reases  \ X ' X l )  - -  t he  s e t  F is cleared. am1 a new s t a r t  i s  made. 

krentually, as it g e t s  ~ ~ r e  and more d i f f i c i x l t  t o  do I-.,etter, t h e  excur- 

sions stray wi.lel.y from t h e  n-poin t  l e v e l .  To stop Vile a lgo r i t ' r i ,  J have 

set limits on the mi.nimum and maximum number of p o i n t s  permit ted in R 

design cons t ruc ted  dur ing  an excursion.  When the  upper l-imit;, for examp,le, 

i s  encountered, t h a t  excurs ion  i s  ended and f i t w e  excurs ions  m e  re- 

s t r f c t e d  f ; ~  designs wi th  n os less po in t s .  (This  r e s t r i c t i o n  is ,  of cmirse, 

l i f t e d  when an 3.mprovecl n-point  design is i'ouiid, i n  which ca.se the aI.goriZ;hm 

s t a r t s  m e w  - ) 
des ign  can be found, the a l g o r i t k i  s tops .  

If' both L i m i t s  a re  encountered before an improved n-point  

The choice o f  t h e s e  upper and lower limits on permissi.ble design si.ze 

i s  made a r b i t r a r i l y .  1 have found t ha t  oxeursicnns t h a t  war1de-r f a r  m a y  

from the n-point  lev~i1. take up a good deal of ccmputer time and se1.d.om 

res i i l t  in an improvement of the  c u r r e n t l y  b e s t  design. On t he  o the r  hand, 

n a r r m l y  spaced Limits are t o o  r e s t r i c t i v e .  I usuaily s e t  t hese  limits a t  

n 2 6, bxving fourid Vnis  t o  be a. ret-rsc;nable eomproaise. 

What does one do when, during the  cou .~se  of' an excursion, designs 

,z%e cons t ruc ted  in which the nmber  of :rims i.s less than  the number of 

parameters t o  be estiuiated? 

Wie d.6:si.p poiri ts  a re  I.ocater3. 

t o  maximize P := Iz'& $. ELI, where 

than E = l X ' X l .  I- 

For sinch d.esi.gns l X ' X l  - -  i s  0, no matter where 

To avoii:i. t h i s  problem, I actim1.1.y attenipt 

i s  a srriaII p o s i t i v e  number, r a t h e r  

(The clioicc! of' e i s  d iscussed  brief'1.y iii Appendix I . )  
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Although 3 have not s tud ied  the  consequences of t h i s  very  carefu_l.I.y, it 

appears  t h a t  tile s e t  of po in t s  t h a t  maximizes D* a l s o  maximj-zes D. Tne 

advantage i s  "cat  D* i s  never 0. 

3. CONSTRUCTION OF FIRST-ORDER DESIGNS 

This a lgor i thm has been app l i ed  t o  t h e  cons t ruc t ion  of designs f o r  

-tile f i r s t - o r d e r  model 

y = p + p x  +..: k f 3 X  ( 3 . 0  
0 1 1  P P  

over 2 cubic  region of i n t e r e s t  -1 x. 5 1, i = l,2,. . . , p .  ( I n  a gene ra l  

s i t u a t i o n ,  .Lhe o r i g i n a l  var iabl-es  X 

1,2, . . . , p. However, one can e a s i l y  cons t ruc t  .Lhe 'lcoded" v a r i a b k s  

1 

may be such .Lha.t a 5 X i  I b i = i i 3.' 

x 

have done he re .  Note t h a t  t h i s  coding also n e c e s s i t a t e s  t he  t ransfor -  

= ( 2 X i  - ai - bi ) / (b i  - a . )  i n  order  t o  f o m u l a t e  the  problem as  I i 1 

mation of the  c o e f f i c i e n t s  i n  o n e ' s  o r i g i n a l  f i r s t - o r d e r  model t o  coef- 

f i c i e n t s  { @ . I  t h a t  a r e  appropr ia te  f o r  the  coded va-ciabl.es.) For t h i s  
1 

moflel, i t  i s  known t h a t  D-optimal des igns  a r e  such t h a t  each x m u s t  be 

-1 or 1.  One reason f o r  cons ider ing  t h i s  s i t u a t i o n  f i r s t  i s  t h a t  t he re  

i 

a r e  so  many cases  f o r  which the  optimum design i s  known, so Vile a lgori thm 

can be tested.. I n  p a r t i c u l a r ,  i f  n i s  a mul t ip l e  of I ! ,  t h e  optimal design 

i s  orthogonal. ( i .  e .  , &'& i s  a d iagonal  niatrix) . 
To t e s t  the algori thm, the re fo re ,  I considered the  cases  given i n  

Table 1. Since t h e  a lgor i thm i s  no t  gparanteed t o  f i n d  a gl-obal optimum, 

I gave it  t e n  d i f f e r e n t  " t r i e s "  i n  each case.  (In t h r e e  of t'ne more d i f f i -  

CUI t cases, 20 t r i e s  were made. ) The e n t r i e s  i n  t h e  t ab le  i n d i c a t e  the  

r a t i o  of successes  (opt imal  des igns)  t o  t r i e s  and a l so ,  i n  parentheses ,  

L'ne average <amount of computer t ime per  ti-y on t h e  18M 360/91. 
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Table 1.  Ra t io  of Successes t o  Tries i n  Test Cases 

f o r  First-Order Mo33el 

(Numbers i n  parentheses  r e f e r  t o  computer time 
i n  seconds per  t r y  on t h e  TBM 36O/gl) 

n 

P 8 12 16 20 a 

2 lO/lO* lO/lO* 1o/ro* lO/lO* 

3 10/10* lO/lO* 1. o/so* lO/lO* 

I+ lO/lO** 7/10** 7/1.0* 9/10" 
5 7/10 (14 .2) 2/1-03;" 4/10** 2/lO* 

6 10/3.O (5 .7)  1/10 (6.0 1/10 ( 6 . 3 )  1/10 (7.0) 
7 10/10 (8.9) 2/10 (12.5) 1./20 (10.7) 1/20 (9.8) 
8 2/1.0 (21.8) 0/20 (23.55) 
9 1/10 (50.1) 

* 
** Computcx t ime for a l l  t hese  d e s i i n s  averaged. ]..I sec: per  try. 

Ccmputer time f o r  a l l  t hese  designs averaged 2.3 sec per  t ry .  

The o b j e c t  of these  test cases  was to demonstrate t h e  f e a s i b i l i t y  

of t h e  a lgor i thm and to i d e n t i f y  i t s  l i m i t a t i o n s .  These r e s u l t s  were 

then  used as a guide i n  applying t h e  a lgor i thm to t h e  cons t ruc t ion  of 

des igns  f o r  va lues  of n no t  considered in Table 1. Altogether ,  des igns  

were cons t ruc ted  f o r  t h e  foS.lowing cases : 

Number of  
P n T r i e s  

S G  p+l  through 20 LO 

7 8 through 12 10 

7 13 through 16 20 

8,3 p-tl through 12 1.0 

The b e s t  designs found i n  t h e s e  cases  a r e  the basis for  t h e  r e s u l t s  given 

i n  t h e  foll.owing sec t ion .  
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4. RESiJLTS 

A n  i n v e s t i g a t i n n  (I€ the p r u p e r t i e s  of the “ b e s t ”  designb c o n s i r u c t ~ d  

by t h e  a1 gorithm suggests  the fo l lowing  rulcs for cons t ruc t ing  D-cpLimal 

.n-. _. ,c 
I ~i bb--OrCIc?r deaigiis. Except i i z  Case I, where t h e  r e s u l t  i.s we!.l k t l c i w i l ,  

Uiese r1.1.1.es a r e  only  conjec tures ,  as fa?: as I know. 

._-__._I.- Case I.. n = 4 t ,  where t i s  ai1 i n t e g e r .  

I n  t ~ i s  case,  any design t‘ilat maxiiiiizes IX’ - x \ Dl1ist be ort~iogoiiti~., 

The riett.rinina,l?t of .I X’X - i.s so X’X = 32, where _I I i s  a kxk i d e n t i t y  matrix. 

n . When n i s  a power oi” 2, any fract ional . .  f a c h i - i a l  design of r e s o l u t i o n  

I11 w i l l  do.’ 

k 
- 

For 11 = 12, 209 24, 28, . . . , or”i1iogonal designs 8i”e given 

by P lackp t t  dlld Buluail. 

~ . . _ _  Case 2. 11 = ’+t +- 7 ,  where t i s  an i n t e g e r .  

9 Mood suggested -that designs constri icted by addilzg one Tun to 

ai? or thogonal  design a r e  “ w r y  e f f i c i e n t ”  i n  t h i s  case .  Without exception, 

designs declared  D - o p t h a 1  by t h e  aI.gorithm were of t h i s  forin. The 

determinant of - X ’ X  .I f o r  such designs i s  give11 by ilk-’ (n+k).  

Appendix IUS)  

(See 

It, makes i?o d i f f z rence  t o  IX’Xl - -  whi.ch run is added.. 

Wlneii p := 4k, i t  i s  nol; poss ib l e  t o  apply Mood’s suggest ion.  There 

a r e  two such cases  considered here ,  namely ( p  = 4, n 1- 5 )  and ( p  :: 8, 

n -, 9 ) .  

corresponded t o  the  kno-wn optiliial~ drsigr.!.2’9 

published optimal  design i n  the I.attt3r case.  

I n  the former case,  the b e s t  desigin ?‘Oi.ii?ii by ‘die algorit iun 

I have iiot coine acrwss a 

Case ~ 3. n = bt 1- 2> where t i s - -a ,n  i n t e g e r .  

Mood‘ s9 suggest ion i n  tiii.s case i s  that PiiesigLis: coijst;i-ilcied by 

adr?ing .Lwo runs t o  an priiiogoiial d e s i g n  a r c  opt imal .  Iflooci recomeiiiled 

t h a t  these two runs be e i t h e r  
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i s  always composed of two orthogonal- b?.ocks. 

s i z e  i f  p i s  odd, and as near1.y equal.. as poss ib l e  when p i s  even. 

Case 1 1 .  

These blocks a r e  equal  i n  

n = 4 t  + 3, where t i s  an i .nteger.  

Thi.s i s  t h e  most d . i f f i cu l t  case of  a l l .  

(-p = 6, n = 15), ( p  = 6, n = l9), ( p  := 7, n = 153, wheye the a lgor i thm 

c l e a r l y  f a i l e d  t o  f j .nd an optimum design i n  t h e  a l l o t t e d  number of t r i e s .  

I n  al.1 t h r e e  of these  -instances, a. design wi th  g r e a t e r  IX'Xl cou1.d be 

comt r i i c t ed  by removing a s i n g l e  rim from an or thogonal  design.  (See  

Appendi.r IK.) 

from an or thogonal  design w i l l  y i e l d  an  opt imal  design.  

although true i n  most cases ,  f a i l e d  t h r e e  times, Tor ( p  = 6, i? = 7), 

It provided. t h r e e  in s t ances :  

- -  

Mood' has,  i n  f a c t ,  suggested t h a t  t h e  removal of a run 

This suggestiori, 

( p  = 8 , 2  71 I= 1.1.), and ( p  ::: 9, n = 11). 

algori thm cons t ruc ted  designs wi th  greater  IX'X - -  I .  
In these  t h r e e  ins tances ,  the  

Al t e rna t ive ly ,  one could cons ider  adding th ree  runs t o  an or thogonal  

design. Finding the  optimal augmentation i n  t h i s  case i s  rather .  involved. 

and I s h a l l  only remark here  t h a t ,  except  for p 3, t h i s  procedure never 

yielded an optimal. design.  

5. TABULATED FIRST-OHDEB DESIGNS 

Appendix I11 c 0 n s i s . k  of  f i r s t - o r d e r  designs cons t ruc ted  by t h e  

algorit 'nm f o r  var ious  va l~ues  of p and n. 

i n  tlne sense t h t  the  a lgor i thm cou1.d f i n d  none with  Larger IX'Xl i n  t h e  

number of t r i e s  all.owed. 

These designs a r e  a1.l ' 'best" 

- 

Only designs for which n < 1 + p + p(p-1)/2 a r e  given i n  Appendix 111, 

s i n c e  these  are probably t'ne cases  i n  which f i r s t - o r d e r  designs have 

wid-est app l i ca t ion .  If' n 2 1. + p .i- p(p-.1)/2, t h e r e  e x i s t  second-order 
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designs,  i. e . ,  designs t h a t  permi t  t h e  e s t ima t ion  of a l l  two-factor  

i n t e r a c t i o n s  as w e l l  as main e f f e c t s .  i f  one has  confidence i n  tize first- 

o rde r  model, and needs a design w i t h  l a r g e r  va lue  of n than  those given 

i n  Appendix 111, one can s t i l l  r e f e r  to t he  recommendations of Sec t ion  4. 

Frequent ly  severa l  d - i s t i n c t  "beest" designs f o r  given p and ri were 

constri icteil  by t h e  algori thm. I n  each such case,  no more than  three of  

t hes?  a r e  presented  in Appendix 111. 

Since a l l  "best" designs f o r  gi-rren p and 11 have the same lz'z!, q the r  

c r i t e r i a  were used t o  order  them i n  t h e  t a b l e .  A n a t u r a l  chciee i s  tine 

t r a c e  of' ( E ' z ) - ' ,  or, cquival en t ly ,  t h e  average var iance  of t h e  c o e f f i r i e n t s .  

However, t h i s  can be app l i ed  in only one case  ( p  = 9, r i  = 11). For a l l  

o the r  combinations of p and n considered, t h e  average va r i ance  of t h e  

c o e f f i c i e n t s  w%s found to be the  s m e  f o r  a l l .  "best" designs.  For t h a t  

reason, an  o v e r a l l  b ias  c r i t e r i o n ,  c a l l e d  .the "confounding iridex, was 

used t o  rank t n e  "bes t"  des igns .  'This index i s  def ined  and d iscussed  

below. The fol lowing informakion i s  presented  i n  t h e  t abu la t ed  designs 

of Appendix 111. 

I d e n t i f i c a t i o n  

The des ign  i d e n t i f i c a t i o n  c o n s i s t s  of t h r e e  i n t e g e r s .  The f irst  gives 

t h e  number of v a r i a b k s  (p)  and t h e  second g ives  t h e  number of runs ( n ) .  

T'ne t h i r d  i n t e g e r  i s  used t o  d i s t i n g u i s h  among designs wi th  'the same p 

and n. 

confounding index; those  wi th  the  lowest  overal.1. confounding a r e  gene ra l ly  

As expla ined  above, t h e  des igns  are ordered according t o  t h e  

more d e s i r a b l e  and are  presented  f i r s t .  
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.- i>&n ......__I Matrix ___ 

The design mat r ix  gi.ves t h e  combinations of l e v e l s  of ti?e variabl.es 

1a.L a r e  t o  be run  i n  the  expericen-t .  Each row corresponds t o  a stng1.e run.  

LL is assumed 'c'rm'i tach v a r i a b l e  i s  ' ' ~c fm3 ' '  (transformed) so t h a t  it t akes  

allies -1. o r  1. 

X'X L n v e r w  - -  ~- .-______ 

'Th is  kxk matr ix ,  when nul t i p 1  i c d  by o', i s  the variance-covariance 

inatr ix for the k estimated c o e f f i c i e n t s  in the  f i r s t - o r d e r  model ( 5.1). 

denotes tile element i n  row i. and col.urm? j of t'nj~s matrix,  t h e n  
If ' i j  
the var iance  of  t h e  i t h  c o e f f i c i e n t  is e . .  02, and the covariance of the 

i t h  and j t h  c o e f f i c i e n t s  i s  c 0'. The corrcl .atioii  between the i t h  and 

jth c o e f f i c i e n t s  i s  c / (e i i  c )". 

17. 

ij 
L 

ij jj 

Determinant of X'X - -  
, This i s  the  c r i t e r i o n  ~ x e d  in the search  f o r  "bes t"  designs.  According 

t o  th i s  c r i t e r i o n ,  the h igher  t h i s  determinant,  the b e t t e r  i s  t he  i-Iesign. 

B- Ef f i c i e n 2  -----____ 

I have defined this 'io be 100( IX'Xll/k/n). - -  I-t; i s  the  rel.ativi:: number 

of runs (expressed as percent )  requi red  by a (possi.bl~y nonexis ten t )  orthogo- 

nal design t o  achieve tbe s m e  IX'Xl. 
t he  k k h  power, tile D-eff ic iency becomes Webb's "es 'bimation index. 

When d iv jded  by 100 and taken t o  

,,15 



Average Variance of the Coef f i c i en t s  

This i s  ( l / k )  t r a c e  (X'X)-'. - -  It i s  acl;-uall.y l/a2 times t h e  zverage 

var iance  of' the  c o e f f i c i e n t s .  This c r i t e r i o n  Es frequen't1:y used as an  

al.ternati-v-e t o  the c r i t e r i o n  of D-optimaI.ity iisecl. here.  

-1 
orthogonal. design t o  achieve the  same t r a c e  (2's) 
the  T-ef f ic iency  i.s the  same as Webb's " f i t t i n g  i n c r l e ~ " ' ~ ~  01' Kishen's 

. When tl.i.vir!ed by l C 0 ,  

6 

measure c f  e f f i c i e n c y .  

It i s  one i n d i c a t i o n  of the  s u i t a b i l i t y  of the  desigri f o r  p red ic t ing  the  

response a t  po in t s  not run i n  the ex-periment, assuming t h a t  the model i.s 
A 

c o r r e c t .  

hypercube i s  just a" trace (X - -  X) 

(Note: The average var iance  of y(x) O V P ~  the 2' corners  of t he  
I -I , which can be obtairied d i r e c t l y  from 

t h e  average var iance  of the  coei 'f ' icients cliscusscd a b ~ ~ ~ : .  

v a r i a b l e s  a r e  q u a n t i t a t i v e ,  i t  may also be of i n t e r e s t  t o  consider  the 

I f  all t h e  

A 
average var iance  of y ~ v e r  the  en t i r e  volume of t ne  hypercube. This i s  

V(bo) -i- 7 2 V(bi). '  which can be c a l c u l a t e d  us ing  the  diagonal  elements 
P 

i=l 

i 

of  ( X ' X y - l .  - -  ) 

A l i a s  Matrix 

This  ma t r ix  gives the  b i a s  a s soc ia t ed  wi t ' r ,  each coel'i'icifwt i f  t h e  

t r u e  model i s  not of' t he  form (3.1) but  i s  i n s t e a d  of' t n e  l'or-m 
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x x 3- . . .  x x .  
+ p13 1 3 + pp-l,p p-a p 

E(Y) = Po + B 1 1  x f . . .  4- Ppxp + B12X1X2 

'That i s ,  t he  t r u e  model may inc lude  not  on ly  the  "main e f f e c t s "  of t he  p 

va r i ab le s ,  bu t  allso t h e i r  $p(p-1) "two-factor i n t e r a c t i o n s .  I n  t h i s  

case,  j.F t h e  f i r s t -o rd -e r  model (3.1) i s  assumed, bu t  (3.2) i s  t h e  t r u e  

model, t he  expec ta t ion  of each esti inated c o e f f i c i e n t  9 .  wi1 .1  be  6.  p lus  

some l i n e a r  combination of a l l  the  f3 I s .  The c o e f f i c i e n t s  i n  t h a t  l i n e a r  i j  

combination a r e  Yfle elernents of the column headed i i n  t h e  al-ias matrl.x. 

A 

1 I 

Thus, for exain~le ,  i n  design 4.6.2, the  expected value of b i s  
1 

The sun1 of squares 

of t hese  coe ' f ic ients  i s  given below each co?umn, i n  t h e  row marked "SY." 

This i.s a rough measure of the degree of a l - ias ing,  or "confounding," 

1 assoc ia t ed  wi th  the es t imate  of each c o e f f i c i z n t .  

..-... -.--.II 
1- if one i s  w i l l i n g  t o  embark on a temporary f l i g h t  of fancy- and assume 

t h a t  t h e  two-factor i n t e r a c t i o n  c o e f f i c i e n t s  a r e  drawn randomly f r o n  a 
p o p l a t i o n  with mean 0 and var iance  y " ,  t h i s  sum of squares  measure call 
be " j u s t i f i e d "  t o  some ex ten t .  'i'he e r r o r  i n  the  expec ta t ion  i s  then a 
random variab1.e wi,th mean 0 and var iance  Aj-y", where Ai i s  t h e  sum ol" 
squares of the  c o e f f i c i e n t s  i n  column i of the  al . ias  mat r ix .  Before 
using a f i r s t - o r d e r  design, t he  experimenter should be reasonably con- 
f iden-t  ' tha t  t h e  s i z e  of the  main e f f e c t  c o e f f i c i e n t s  {Pi-]  he expects  .to 
d e t e c t  i s  s u f f i c i e n t l y  l a r g e  ( r e l a t i v e  t o  the  ' 's tandard error" 
caused by the  j n t e r a c t i o n  c o e f f i c i e n t s )  t o  "stand o u t . "  The val-ue of y 
w0u.l.d. have t o  be guessed by the  experimenter and wou1.d depend on h i s  
p r i o r  f e e l i n g  about t he  o v e r a l l  magnitude of the  i n t e r a c t i o n s .  I would 
not  now recommend t h i s  approach. be taken t o o  se r ious ly ,  except  as a 
f i y s t  s t e p  toward making more p r e c i s e  the  broad recommendation t h a t  it 
i s  all r i g h t  t o  assume a f i r s t - o r d e r  model if the  two-factor  i n t e r -  
a c t i o n s  a r e  "not t oo  l a r g e "  r e l a t i v e  t o  the  main e f f e c t s .  I n  particul.az- 
s i t u a t i o n s ,  o f  course, enough may >e known bo i d e n t i f y  a Pew p o t e n t i a l l y  
s i zeab le  i n t e r a c t i o n s ,  and the experiment can be designed t o  avoid con- 
found.i.ng these  wi th  the main e f f e c t s  of g r e a t e s t  i n t e r e s t .  



A t  t h i s  po in t ,  I should remark t h a t  any of t he  f i r s t - o r d e r  designs 

given here,  when "To1 ded over, I '  '~7,~' give  designs i n  twice as many runs  

which possess t h e  proper ty  t h a t  no rcain effect coefTicierit i s  a l i a s c d  by 

a two-factor  i n t e r a c t i o n  c o e f f i c i e n t .  I n  o the r  words, t he  a l i a s  matrix,  

a s  def ined above, w i l l  be a ma t r ix  of' 0 ' s .  

i n  p v a r i a b l e s  and ;In runs,  say, one would simply use t h e  t a b l e s  t o  f i n d  

a design i n  p-1 v a r i a b l e s  and ii runs  and fold i t  over. 

designs a r e  generally not  13-optimal, t h e  loss i n  p rec i s ion  i s  small com- 

pared wi th  t h e  ga in  achieved by removing Yne b i a s  caused by two-factor  

To cons t ruc t  such a design 

A l t l ~ ~ i g h  such 

i n t e r a c t i o n s .  A more s a t i s f a c t o r y  a l t e r n a t i v e ,  i f  t he  experimenter i s  

r e a l l y  worr ied about two-factor  i n t e r a c t i o n s ,  i s  t o  use a design t h a t  

i s  TI-optimal wi th  r e spec t  t o  madel (3.2) 

discussed here  t o  t h i s  problem i n  a few cases  arid hope t o  do a more 

thorough job i n  t h e  near  fbture.  

I have appl ied the  algori thm 

Confounding Index 

Ai /p, which i s  t h e  average value  of t he  

0 

(it ) 
a l i a s  sum of squares  over a l l  main e f f e c t  c o e f f i c i e n t s ,  excliiding 13 . 
(Om i s  r a r e l y  i n t e r e s t e d  i n  the degree of' confounding a s soc ia t ed  wi th  

This i s  def ined t o  be 
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I diagonal  el cncnts to obta in :  

Since any pr inc ipa l  minor OT X ' X  of order k-.j i s  j u s t  t h e  dzterminarit of 

X*'X*, whc.r.e X* is obtained frorn X by d e l e t i n g  j coluuins7 it.s value can- 

not excced n . Thus, 

- - - -  
k- j 

17 

To 0btai.n a rough estimate of the proportional. error, suppose X i s  

orthogonal 

is (1. + e / . )  

struction of the d.cslgns given in t h i s  r epor t ,  -i chose ke/n = .1, 

e = ( . l n ) / k .  

k so D ( 0 )  = i1 . 
k 

Then the proportional.  mror (D(c) - D(O))/D(O) 

- 1, or approximately ks/r: for small c/n. I r i  the con- 

? . e . ,  

%'or values  of F: much smaller than this, I occas iona i ly  

exper i enc e d. c oii1pu.t a t i ona 1. di f f ri CUI. ti. c B w i .th i ri the algor i 'GI-m . 



i r i i t i a l  design,  If a rtul at, t 1 - i ~  po in t  x is added t o  the i rLi t . l a l  design, 
a c -a x . The To].- - N 

the new matrix of independ-ent v a r i s b l z s  i s  2 = L( Fa) ? 

NOW c o m i d e r  t h e  parti.ti.oned. matrix : 



The determinant of  I€ can be determined in two ways, using 'the fact that, - 
for a general partitioned. matrix:, 

A A 
-11 -12 

A A 
22 -21 

9s long as A and A are nonsingxlar. Thus, - - 22 
11 

and 

(A2.4) 

This is a general~ization of Wynn's15 and. Eykstra's 4 fornula  for a single- 

run augmentation. 

In the special case considered here, X'X = nX and A' = 
I - _ _  



We need to choose - A '  t o  maximize t h i s  deternilinant. 

o f  f irst  order ,  we can r e s t r i c t  cons ide ra t ion  t o  corners  of t he  p-dimensional. 

hypercube: -I 5 x.  I 1, so a = a22 = IC. Maximization of IW'Yl - -  i s  t he re -  

f o r e  achieved by minimizing la 

Since the model i s  

I 11 

1 .  12 

(i) When k i s  even, t h i s  can&@ done by choosing a '  and 2' orthogo- 

n a l  t o  each o t h e r .  In t h i s  case, 

-1 -2 

- 1 -  51 = nk (I. + k./n)' = 

k-2 
11 ( n  3- k)2. 

When k i s  odd, 2; and 2; should be chosen as n e a r l y  orthogonal 

as poss ib le ,  so  t h a t  al, = 21. 

n k ( ( l  -1 k/n)2 - l /n" )  = nk-'? ((11 -1 IC)' - 1). 

(ii) 

In t h i s  case IX'gl = 

C.  REMOVING ONE RUN FROM AN ORT7IOGO-WL 2-LLVEL FIRST-ORDEt? DESIGN 

- I -  -1 where = (C'X)-l -- and. - = (X - -  X) . Then i f  A '  - correspond; t o  t'ne runs  

removed from an i n i t i a l  dzsign,  ~ y .  (A2.6) gives t hc  ncw ( X I ~ ) - ~  -~ - matr ix  

in terms of t h e  old. 

We now consicier t h c  p a r t i t i o n e d  matrix: 

from which we dc tcmine ,  u s ing  bhe same spproach as i n  Appendix IlB above, 
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- 1 -  In t h e  s p e c i a l  case considered here ,  - -  X X = d, where n i s  the iiumber 

of runs i n  Yne orthogonal.. design g, aiid A '  = f (x , )  I ,  where x 

removed f r o m x .  

n (1 - k/n) ::: n (fl - k). 

i s  t h e  po in t  a - - 
The determinant of t h e  new design i s  the re fo re  

k. k- 1 
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APPENDIX r n .  TABLES OF FIRST-OIIDEK DESIGNS 

The "bes t"  designs constr.uc%ed b y  the algori thm are  t abu la t ed  here. 

See ,Sect ion 5 f o r  a b r i e f  d e s c r i p t i o n  of  the information presented.  

Spec i f i c  cormnents about i nd iv idua l  cases a r e  given i n  Table A l  below. 

Most of t hese  comments ar? of an acaderaic na tu re ;  however, those marked 

w i t h  an a s t e r i s k  should be rend by the  u s e r .  

Table A l .  Comments on Spec i f i c  Designs Tabulated i n  This Appendix 

(As te r i sks  i n d i c a t e  cases i n  which an a l t e r n a t i v e  
, ies ign i s  recommended) 

rJumber of Number 
Var iab les  of Runs 

2 

4 

i 4 

3 
4 

Known o p t i m l .  'J 9 
Orthogonal, hence known optimal. The design 

given ris a 23-l f r a c t i o n a l  f a c t o r i a l  with gen- 

e r a t i n g  r e l a t i o n  I = 123. ( ~ e e  r e f .  3.) 

Faown opt imal .  ' 9  9 

TIe s u p e r i o r i t y  of Design 4.7.1 over Design 

4.7.2 wi th  r e s p e c t  t o  corifouridirig i s  due t o  the  

f a c t  t h a t  the l a t t e r  can be cons t ruc ted  by re- 

moving one run  from a f r a c t i o i m l  f a c t o r i a l  de- 

s ign  of " re so lu t ion  TTI" (sef -ref. 5)7 while  

thz former can be constructed by removing one 
m n  from a design oi" "rCso1utim TV." 

Orthogonal, hence known optimal - Design 4.8,1 
i s  the 24-1 f r a c t i o n a l  i 'actorj a1 with gener-" 

a t i n g  r e l a t i o n  r =z 1254. 
\ 
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Tab1.e Al (cont inued)  

Number of Number 
Var iab les  of Runs - 

4 9 

4 10 

5 

5 
5 

5 
5 

5 
5 
5 

6 

7 
a 

Design 4 . 9 . 1  can be cons t ruc ted  by adding one 

run t o  a f r a c t i o n a l  f a c t o r i a l  design of reso- 

I-ution TV, while  t h e  "base design" f o r  Design 

4.9.2 i s  a fractional. .  f a c t o r i a l -  o f  resol.ution 

111. 

Design 4 .10 .1  can be constructed.  by adding two 

runs t o  a f rac t iona l .  f a c t o r i a l  design of reso-  

l u t i o n  IV. Note t h a t  one of t h e  two addi.tional. 

runs i s  a r e p e a t  of  one of  t h e  runs of the  

r e s o l u t i o n  ZV base design.  Less confounding 

could be achieved i f  t h e  two a d d i t i o n a l  runs  

were chosen so t h e r e  were no dup l i ca t e  runs.  
Known 0 p t i r n a l . ~ ~ 9 , ~ ~  

is super ior  t o  Raghavarao' b e s t  design f o r  

this case,  s ince  he has  r e s t r i c t e d  a t t e n t i o n  

t o  designs for which the  var iances  of 'tie 

coef f ic ien t i s  a r e  a l l  equal,  and the  covariances 

of  t he  c o e f f i c i e n t s  a r e  a l l  equal .  

* 

Note t h a t  t h i s  design 

Orthogonal, hence known optimal . The genera t ing  

r e l a t i o n  f o r  t h i s  f r a c t j  ona l  facLoria1. design 

i s  I = 1j~5 = -234. 

9 
10 

1.1. 

12 Orthogonal, hence kiiown opt i -ual~.  

13 
14 

di 15 A des ign  wi th  l e s s  confounding coii1.d be con- 
s t ruc te t l  by removing one TUP, from the  25-l- 

f r a c t i o n a l  f ac to r i a l -  design w i t h  genera t ing  

r e l a t i o n  I = 1.23&5, 



Table A1 (cont inued)  

Number of I\Junber 
Variables of R u n s  

6 7 

6 8 

9 
10 

1.1. 

12 

1.3 
14- 

1-5 

si; 

6 1-7 

6 18 

Known o p t i m a ~ ~ 9 9  

moving a r y  €rom an  or thogonal  design.  

Orthogonal, hence known optimal.  The genera t ing  

r e l a t i o n  f o r  t h i s  f r a c t i o n a l  fac tor ia l .  design 

i s  I = -1.25 = 146 = 2+5. 

Cannot be cons t ruc ted  by re- 

Orthogonal, hence knmn opt imal .  

* - These des igns  a r e  not  &optimal .  

mend i n s t e a d  dropping one run from the 2 
L F7oUld. reeom- 

6-2 

f r a c t i o n a l  f a c t o r i a l  des ign  with def inir ig  re la , t ion  
T = 1254 = 1256 = 34-56. 

Orthogonal, hence known optimal. T1ii.s i s  an 

example of a &run ortliogonal design w i t 1 1  

p a r t i a l  confounding (as  opposed t o  the  " regular"  

f r a c t i o n a l  f a c t o r i a l s ,  f o r  which a11 the  e l e -  

ments i n  the a l i a s  ma t r ix  are  0 o r  21). 

* 

A 
design wi th  l e s s  confounding i s  the  .,6-~2 

f rac t iona l .  f a c t o r i a l  design with  de f in ing  re-  

l a t i o n  I = 1.254 = 1256 = 3456. 

s t r u c t e d  by a.dding one run t o  t h e  26-2 design 

with d e f i n i n g  r e l a t i o n  I = 1.234 = 1.256 = 3456. 

s t ruc ted .  by adding two runs  t o  the  26-2 d.esign 

wi th  def in ing  r e l a t i o n  i = 1234 = 1256 = 34-56. 

*A design wit11 3.ess confounding could be con- 

*A design wi th  less confounding eoilld be con- 



Table A1 (cont inued)  

_- --.. ---..-.- .- 

Number of Number 
Variab les  of  Runs 

..-- -~ ..-- , _.I..- ~ --.-__-- 

6 19 

6 

7 

' I  

8 

9 

20 

8 

3 
10 

11 

12 

13 
14 
15 

16 

9 
10 

11 

12 

"These _I_ d.esigns ___---- a r e  not  D-0-1. I wou1.d 

recommend ins.t;ead. droppi-ng one rim f:corn au  

or thogonal  20-run de sign. 

Orthogonal, hence known optimal.  

Orthogonal., hence known optima!.. The genera t ing  

r e h t i o n  for t h i s  fractional f a c t o r i a l  design 
is I z= -124 r: -235 -3J.!.6 -13'7. 

Orthogonal, hence known optimal. 

- *These designs are no t  -_. D-optimal. .I. would recon- 
7- 3 mend i n s t e a d  dropping one run Prom a 2 

f r a c t l o n a l  f a c t o r i a l  of' r e s o l u t i o n  TV2 e .g .  , one 

w i t h  geiierating r e l a t i o n  I = 1.235 = 1246 = 1347. 
Orthogonal, hence known o p t h a l .  This i s  an  

exa.inpl.e of a 16-ruii or thogonal  design with boCh 

p a r t i a l  and. complete confoumding. 

3.ess confounding i s  the  2 

design w i t h  de f in ing  r e l a t i o n  I = 1235 = 1.246 = 

-k 

A design wi.th 
7- j f r a c t i o n a l  f a c t o r i a l  

ly9C 7. 

Cannot be cons t ruc ted  by rmtoving a run  from an 
o~ tilogom 1 design . 
Orthogonal , hence known optimal . 
Known out  i m a l  . IC, 10 . - 



Tab1.e A1 (continued) 

9 11 Gamic;% be constructed by rezr;oving a run  from 

an orthogonal  design. 

9 I;? Orthogonal, hence known opt imal  a 
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t 2. 3 ,  1) 

2 Y B f f  A BLES 

3 .  1. 
-1. 1. 
- 1 .  - 1. 

B-EPF%CfENCY= 84.0 

AVERAGE VBRHBMCE OF CQEPFICIENTS= Q. 5006 

T-EFFICIENCY= 66,7 

CE Q P  FITTED R 

3 RUNS 



A L I A S  M A T R I X  

0 1 2 
12 1.0000 1.0000 -1.0000 

ss 1 0000 1.0000 1 0000 

4 C O N E O U N D I N G  I N C E X =  l*OOOO 
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1. 1. 1. 
7 ,  -1. - 8 .  

- a .  1. - 1, 
-1  B -1. 1. 

1 . QOOQ 
1.8000 
1.0080 
1.8886 

0 ,2506  0 . 0  Q.0 0.0 
0. a 0.2500 0.0 0*6 
3 . 0  0-0 0.15QQ 0.0 
0-0 0. Q 0, a 8,2508 
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DESIGN ( 3. 4. 1) 

ALIAS M A T R I X  

0 1 2 3 
12 0.0 0.0 0.0 1.0000 
13 ' 0.0  0.0 1,0000 0.0 
23 0.6 10 0000 0.0 0 . 0  

ss 0.8 1,0000 1 - 0000 1. Q O O O  

COBPOUJSDING I N D E X =  1 .0000 
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I .  1. -1. 
-1. 1. - a .  

1. 1. 1. 
-1.  - 1. 1. 

1. - 1. - 1. 

0,2188 -0.0312 -Q.Q313 0,0313 
-%".a313 0.2189 -0,0313 0,0313 
-0.0313 -0,0313 0.2188 0.0313 

0.0312 Q.0313 0.8313 0.2188 

T-EPPECXEHCY= 3 1 . 4 
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A L I A S  N A T R I X  

0 1 2 3 
12 0.2500 0,2500 0.2500 0 .7500  
13 -0.2500 -0.2500 0,7500 0.2500 
23 - 0 . 2 5 0 0  0.7500 -0.2500 0.2500 

ss 0.1875 0.687s 0.6835 0 .6875  

CONFOUNDING I N D E X =  0.6875 
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. T o  1, 1 s  
1. - 1. 1. 

- 1  . 1, 1. 
1. - 1. - 3 .  

-1. - 1. I .  
-1 -  9 .  - I .  

0.1875 0,O Q , Q _  -0 m 8625 
0.0 0.1875 0 . 0 6 2 5  0 - 0  
Q.0  0.0625 0 . 5 8 7 5  Q,O 

- 0 . 0 6 2 5  8.0 0,Q a ,  1875 
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D E S I G N  4 3. 6 .  1) 

ALIAS EIA'ERZH 

0 1 2 3 
12 -0.5000 0 ,  a 0 . 0  0 . 5 0 0 0  
13 ' 0 . 0  0,5000 0.5000 0. Q 
23 0. 0.5000 0.5000 0 . 0  

ss 0,2500 0 .5000  0 , 5 0 0 0  0 .2500 

CCNFOUNDZNG INCEX= 0,4 167 

. . . . . . __ 
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3 VARIABLES u PBBBaETEWS 6 ZUBS 

DESIGN M AT RTX 

x i 1 1  x121 X ( 3 )  V A R I A N C E  OF FITTED RESPONSE 

-1. 1. -1. 
-1. 1. - 1. 
-1.  - 1. 1. 

1, 1. 1. 
1, - 1. - 1. 

-1. - 1. 1. 

0.5000 
8.5000 
0,5000 
1 , OQQO 
1.80QQ 
0,5QOQ 

X ' X  ZNVERSE 

0,1875 0.0625 0-0 Q.8 
0.0625 8,1875 0,Q 0.0 
0.0 Q * Q  0- 1875 0.0625 
0.0 0 . 8  0,0625 0 ,1875 

A V E R A G E  V A R I A N C E  OF COEEFICIE 
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DESIGN t 3. 6 .  2) 

A L I A S  ElATBIX 

2 3 0 1 
12 0,Q 0 . 0  0.0 1.0000 
13 o * o  0 . 0  1.000o -0.0000 
23 o a o  1 0000 0.0 0.0 

SS 0 . 0  1.0000 1.0060 1.0000 
C O M F O U N D l N G  INDEX= 1.0000 

. . . . . . . . . . . . . . . . ..................... ____ 
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1(. VBBIABLES 

-1.  1. - 1. -1. 
1. 1. - 1. 10 

-10 - a. I ,  P o  

10 - 1. - 1 .  - 1  . 
1 ,  10 1. -1. 

1.0008 
10 0000 
1 ~ 0 0 0 0  
1. OOOQ 
1.OOQQ 

0.2222 -0,0278 - 0 . 0 2 7 8  0 , 0 2 7 8  0,0278 
-Q.Q238 0.2222 -0 .0278  8 . 0 2 7 8  13,0278 

00298 0.2222 0,0278 0 , 8 2 9 8  
0ecb278 0.0278 000278 0,2222 -010278 
0.0278 0,0278 0.0278 -0,0278 0.2222 



3 7 

ALIAS H A T R I X  

0 1 2 3 4 
12 0.3333 0, 3333 0 .3333  0.6667 0.6667 
13 ' - 0 , 3 3 3 3  -0.3333 0.6667 0.3333 -0.6667 
14 -0.3333 -0.3333 0,6667 - 0 , 6 6 6 7  0 , 3 3 3 3  
23 -003333 0.6667 -0.3333 0.3333 -0,6567 
24 -0.3333 0.6667 - 0 . 3 3 3 3  -0 ,6667 0.3333 
34 0.3333 -0.6667 -0.6667 -9 .3333 -0 ,3333 

ss 0.6667 1.6667 1,5667 1.6667 1.6667 

C O N P O U N D I N G  INDEX= 1.6667 



'I- 'I 'I 
'1 'h 'I 
'I- '1 'I 
'I '1 'I 
'L- 'I - 'I 
'b 'II - '1 

*e- 
*e- 
'1 
'k 
'k - '1 

- P 

0 
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A L I A S  HATRIX 

0 1 2 
12 - 0 . 5 0 0 0  -002000  0.2000 
13 0 .  0 0 . 6 O O O  o04O0O 
14 0.5000 00 2000 0.8000 

24 - 0 0 5 0 0 0  0.8000 002000 
34 0-0 -0.4000 ~.4000 

23 (3.0 0.40 00 0, a opo 

SS 0.7500 1.4000 1 , 4000 

3 4 
0.5000 0.8000 
0-0 -0.4000 

-0 .5000 0.2000 
00 0 0.4000 
0.5000 -0.200Q 
0 . 0  0.6000 

0.7500 1 - 4000 
C C N F O U N D I N G  I N C E X =  1,2375 
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D E S Z G I  I 19, 6 .  2% 

1, -1. -1, - 1  . 
1. 1. - 1, 1. 

- 1 ,  1. 1, -1  . 
1. 1, 1, 1. 

-1. 1. - I .  1. 
-1. - 1. l a  1. 

X'X I N V E R S E  

EPAGE V A R I A N C E  OF CBEFFICX 

PIC'PTED BESPQNSE- I . 2008 



4 I 

ALIAS EIBTBIX 

0 1 2 
12 -Q12000 0.5000 -0.2000 
13 -0,6000 0.0 0.4000 
14 -012000 0.5800 0 .8000  
23 0.2000 0. SOQQ 0e200Q 
24 Q. 2000 0.50QO 0.2008 
34 8.2000 0.5000 -0 ,8000  

SS 0,5600 7.2500 1.5600 

3 
0,5000 
0.0 
0.5000 
0.5000 - 0.5000 
0.5000 

1 e 2500 

4 
0.8000 

* 4000 
- 0 . 2 0 0 0  
-0 .800  
8 * 200 
.200O 

1. S6QO 

CQMPOUBDING I N D E X =  1.4050 
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1. 1. - 1. 1. 
-1. - 1. 1 .  -1. 

1. - 1. -1. -1, 
- 1 .  - 1. -1 .  I .  

1. 1. 1. -1. 
- 1 ,  1, 1. 1. 

1. - 1. 1. 1. 

Q. 6667 
0.6667 
0.6667 
Q.6667 
6.6667 
8.666’7 
1. OOQO 

0,1667 -0,0417 0.0417 -0.0439 -0,0417 
-0.Qb17 0,1667 -0.0417 Q.0417 0,QQ17 
Q.Q417 -0 .0417 0.1667 -0.0477 -0,0417 

. 0 4 1 7  0.0417 -0.0417 0-4667 0,8417 
-0.Q417 0.0417 -Q.0&17 0.01617 8.1667 

BqERBGE V A R I A N C E  OF COEFFICIENTS= 0. 3667 
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D E S I G N  ( 4. 7 ,  1) 

A L I A S  MATBSX 

0 1 2 
12 0 , 3 3 3 3  -0 .3333 0.3333 
13 -0.3333 0 ,3333  -0.3333 
1 4  - 0 . 3 3 3 3  0,3333 -0,3333 
23 Q.3333 -0.3333 0.3333 
24 0.3333 -0.3333 0.3333 
34 -0 .3333 0.3333 -6 .3333  

SS 0.6667 0.6667 0.6667 

3 
-0 ,3333 
0.3333 
0 ,3333  

-0.3333 
-0,3333 
0.3333 

0.6667 

C O N F O U N D I N G  INDEX= 0.6667 
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CESTG 4, 7. 28 

4 V A B I B B E E S  

1, 1. -1. 1. 
-1. 1. -1 .  1. 
- 1  c - 1. 1, 1. 
-1, - 1. -1 .  - 3 .  
-1 1. 1. -1. 

1. - 1. 1. 1. 
1, 1,  1. -1. 

L 

0.1667 b.Qr017 4.8,8&'37 - 0 . e O Y 1 - 7  - 
0,8417 0.1667 -O,Q 17 -0,8417 - 

-0.0417 -0,0417 0 ,1  6% 0.0417 
-8.0417 -0.0417 O.Q417 0.1667 0,0417 
-0.0419 -0,0417 0,0417 0.04 7 8,1667 
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DESIGN I 4, 7 ,  21 

A L I A S  HATRIX 

0 1 2 
12 Q., 3333 0 .3333 -0 .3333 
73 ’ 0,3333 0.3333 -0.3333 
14 0 0 3333 0,3333 - 0 . 3 3 3 3  
23 0,o -0 .0000 0.0000 
24 -0,0000 -0.0000 0.0000 
44 -0~0000 -c .oooo -1.0009 

ss o m  3333 0 .3333 1.3333 

3 
-0 .3333 
-0.3333 
-0.3333 

0 ,0000  
-1.0000 

0 , 0 0 0 0  

1.3333 

4 
-0 .3333 
- 0 . 3 3 3 3  
-0.3333 
-1,0000 
0.~000 
0*0000 

1 I. 3333 

CONFOUNDING I ’NGEX= 1 ,0833 
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DESIGN if 4. 8 .  1) 

D E S I G N  HBTBIH 

-1  0 - 1. - 1. - 1  0 

-1,  1. 1, -1. 
'I. 1. 1. 1. 

-1 .  - 1. 1. 1. 
-1 .  1. - 1. 1 .  

1. 1. - 10 -1. 
1. - 1. - 1. 1. 

. 1. - 10 1. -1. 

0 , 6 2 5 0  
Q, 6250 
0.6250 
0 , 6 2 5 0  
0 , 5 2 5 0  
Q, 4250 
0 , 6 2 5 0  

' 0,6253 

0.31258 0.0 o * o  0 , O  0.0 
a.  0 8.1250 0.0 006  000 
0, Q 0.0 0,1258 O * Q  0 - 0  
0,O a.  0 0.0 0,1250 0 . 0  
0,o 0.0 0.0 0.0 0.125%9 



EESIGN 4. 8. 1) 

A L I A S  MATRIX 

0 1 2 
12 0.0 0.0 0.0 
13 0 . 0  0.0 0.0 
14 0.0 0.0 0 . 0  
23 0.0 0.0 0.0 II 

24 0 . 0  0.0 0 . 0  
34 0.0 0.0 0 .0  

SS 0.0 0.0 0.0 

3 
0.0 
0 . 0  
0.0 
0.0 
0 .  0 
0.0 

0.0 

4 
0.0 
0 . 0  
0.0 
0 . 0  
0.0 
0.0 

0.0 

C O N F O U N D I N G  I N D E X =  0 .0  



- 3 .  - 1. 1. 1. 
-1, 1. - 1 .  1. 

1, 1. 1. 1. 
I .  1. 1. -1.  

-1. 1. - 9 .  s. 
-1. - 1. 1. -1 .  
-1 . I .  *" 1. -1- 

1. - 1. - 1. 1. 

,.I 

0,1250 0-0 Q, 0 0.0 Q e O  

0.8 Q.1258 8 . 8  0.0 o * o  
Q.0 0, 0 0,1250 0 . 0  0"c7 
0.6 om0 0.8 0.125Q 0.0  
0.0 0.0 Q,8 0.0 0.1250 
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A L I A S  B A T R I X  

a) 1 2 
12 e. 0 0*8 0.8 
$ 3  ' 0-0 0-0 1 * 0000  
34 0-0 0.0 0.0 
23 0.0 1.0000 
24 . a  0.0 0.0 
34 . o  0.0 0.0 

ss 0 .  1.0000 1.0000 

3 
1,000 

.o 
0 . 0  
0 . 0  
8 , O  
0. Q 

1.0060 

C G N P B U N D I N G  I N C E X =  0 , 7 5 0 0  
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4 V A R I A B L E S  

DESIGN H A T B I I  

-1. - 1. 1. 1. 
1. - 1, 1. - 9  . 
1. - 1. - 1. 1. 

-1. - 1. - 1. - 1  0 

1. 10 I .  10 
1. 1. - 1. -1 .  
1. 10 - 1. 1. 

. - 1 .  1. - 1. 1. 
-1. 1. 1. - a .  

X ' X  I N V E R S E  

8.615 
0,615 
6,5385 
0.6154 
0.5385 
0.5385 

0.5385 
0,615b.3 

0,1154 -0,0096 -0.0096 8.0096 - 0 e 6 0 9 6  
-0.0096 0.1154 -Q.Q896 0,0Q96 - 0 , O Q B f s  
-800096 -0.0096 0.1354 0aOQ66 -0.0096 

O.r)096 0.0096 0.0096 0,1154 0.0096 
-0.0096 -0.Q096 -8,0096 0.0096 0 .1154  

C-EFFICPENCY- 98.0 

OF COEFFKLCIE 

H A X I H U H  V A X A N C E  OF F I T T E D  SE= 0.6154 



OESIGN d 4. 9. 1) 

A L I A S  MATBlX 

0 1 2 
12 0.0769 0.0769 0.0769 
13 -0.0969 -0.0769 -0,0769 
14 0,0769 0,0769 0,0759 
23 -0.0749 -0,0769 -0,0769 
24 0.0769 0 .0769  0. ox9 
34 -0.0769 -0,0769 -0.0769 

ss 0,0355 0 , 0 3 5 5  0.0355 

3 4 - 0,0769 0,0759 
0,0769 -0.0769 

-0.0769 0,0769 
0.0769 -0,0769 - 0.0769 0.0769 
0 ,0769  -0.0769 

0, 0355 0,0355 

C O N E O O N D I N G  INDEX= 0.0355 



i 4, 9 .  211 

- l e  - 1, - I. -1. 
-1 .  1. 1. 1. 

1. 1. 1. -1. 
-1 .  - 1. 1. - 1  0 

1. - 1. 1. -1. 
-1 .  1. -1 .  -1. 

1. 1. - 1. 1. 
1. - 1. -1 .  1. 

-1  e - 1. 10 1. 

0.5385 
6 - 6 1 5 4  
0.6154 
0,3846 
0.5385 
0,61561 
0.5385 
6.6154 
8,5385 

0.1154 0.0096 0,0096 -0.0096 B e Q Q 9 5  
0.0096 0,115 -0,0096 0.0096 -0.BB96 
8.6896 - 0 , 0 0 9  0,1154 0 , 0 0 9 6  -0.0096 

-0.8096 0 .0036  O e Q O  6 0,1155r4 0,OQ96 
Q . O Q 9 Q  -0.0096 -0.0096 0,8096 (3.1954 

OF PITTED RESPO SE- 8.6154 



53 

A L I A S  f l A T R l X  

0 1 2 
12 , 0.0769 -0,0769 -0,0769 
13 -0,1538 0.1538 0.1538 
14 0,1538 -0.1538 -8.1538 
23 -0,C?69 0.0769 0.0769 
24 0.O769 -0.0769 -0,0769 
34 -0,1538 -0.8462 0,1538 

ss 0 .0888  0.7811 Q. OS88 

3 
0.0169 

-0 ,1538 
-0.8462 
-0.0769 

0 , 0 7 6 9  
-0.1538 

0,7811 

4 
-0.0769 

0.1538 

0,781 1 

COWPOUNDXNG INDEX= 0 . 6 0 8 0  



D E S I G N  if 4 . 1 0 .  1) 

1. 1. -1 .  1. 
-1 .  - 1. 1. 1 .  

1, 1. 1. - 1. - '9. 1, -1 .  - 1 .  
I .  - 1, -1. -1. 
1. 9 .  - 1, 1. 

- a .  - 1. - 1. 1, 
1. - 1. 1. I .  

-1 1. 1, 1. 
-1.  - 1. 1. - 1  . 

8.3818 
0.381 
6 ,667  
0m6Q-ll 
Q.68-7 
0.381 
0,5238 
0,5238 
(%e 5238 
0,4643 

ICE OP FITTED BESPa%HSE= 0.60'71 



5 5  

DESIGN { 4-10.  1) 

ALIAS MATRIX 

0 1 2 3 4 
12 0. 1667 0.0 0.0 0.0 0.1667 
13 -0.1667 00 0 0 .0  a. 0 -0 .1657 
14 0.0 0.1429 0,1429 -0 .1429  000  
5 3  -0.1667 0 . 0  0.0 0.8 -0.1667 
24 0 . 0  0.1429 0.1429 -0 .1429 0.0 
3 4  0 . 0  -0.1429 -0.1429 0.1429 0 0 0  

SS 0 ,0833  0,0612 0.0612 0.0612 0,0833 

C Q N P O U N D I N G  INCEX- 0.0668 
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4 Y A R E A B L E S  5 PABBHIIETXBS 1 0  BUIS 

-1.  - a .  5 .  -1 ,  
1. -* I .  l e  1, 
1. 1. - 2 ,  ..% I. 

-1 .  - I .  - 3 .  - 2  . 
- 9 .  1. 1. -I. 

l e  - 1. 1. - 2  . 
1. - 1. - 1. -1. 

-1.  1. - 1, 1. 
-1. - 1. - I .  1. 

1. 1. 1. 1. 

0.4643 
0.5238 
0.607 1 
0 * 3 8 % 8  
0.5071 
0.3810 
0, Y6Y3 
0 , 5 2 3 8  
8.5238 
8.5238 

X ' X  I I V E B S E  

0.1071 Q e Q  9.0179 0.0 0.0179 
O.0 C 9 e l Q Y 2  0,o  -0.0208 0.0 
O.0179 0.0 0,1079 0.0 -0.0179 
0 .  c) -Q.0208 0-0 0,1042 0.0 
0.0179 O * Q  -Q,0179 0.0 8.1079 
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CESTGI ( 4 .1  

A L I A S  % R T B I X  

Q 1 2 
12 .o -8 .  I 6 6 7  
13 ' 8,2857 0.0 -0 .2857  
1 4  O a f 3  -0.3333 0.0 
23 0 . 0  -0.1467 a. 8 
24 0, 1429 0. Q 
34 Q, a 0.6667 0 . 0  

SS Q.1020 0.61 11 * 1020 

o m  0 
- 0 . 3 3 3 3  

Q.6111 



4 4.10. 3 )  

4 V A R I A B L E S  5 PBWBfiETEBS 10 R U H S  

1. - 1. 1, -1 .  
1. 1. - 1. 1. 
1. 1. 1. 1. 

-1  1. I .  -1. 
- 1 .  -” 1. -1. 1. 
-1. - 9 .  -1. -1,  

1. - 3. 1. 1. 
1. - 1. - 9 .  - 7 .  

- 1 .  - 1 .  1. 1. 
-1. 1. - 1. - a .  

0.52316 
Q.6Q71 
01 4643 
QcB071  
0- 5238 
0.3810 
0.3810 
0. 5238 
0.5238 

0,1042 0.8 0,0208 0.0 0 . 0  
Q, 0 0.10’71 0.0 -0,0179 -0.0179 
0,0208 0.0 0,1042 0.0 Q.0 
Q,O -O,Qd49 0.0 
0,O -0.0379 0.0 -0.0179 0 .1071 

BYEBBGE V A R I A N C E  OF C O E P F I C I E  

EANCE OF F I T T E D  R SPOM%E= 8.687 I 
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DESIGN ( 4 - 1 0 ,  31 

A L I A S  HATBIX 

0 1 2 
12 0.0 -0,2857 o * o  
13 0.1667 C, 8 -0,1667 
34 0 . 3 3 3 3  0 . 0  0,6667 
23 0.0 -0.1429 0.0 
24 0.0 0.7143 0.0 
24 0.1667 0.0 -0. t 667 

SS 0,1667 0,6122 0,5000 

3 
-0,2857 

o * o  
.Q 

-0,1429 
-0,2857 

0 .  Q 

0.1837 

4 
0.71 43 
8 . 0  
8 , 0  

-0.1429 

0.0 

0,6122 

C O N F O U N D I N G  I N D E X =  0.4770 



1. -1. - 1 4  -1. U. 

-1 .  1. 5 .  1. 1. 
-1. 1. - 1. I .  - 1 .  

-1 . 1. I. 9 .  I .  

-1. - 1. 1, 1. - 3 .  
1. - 1. -1. I .  I .  

- q  

- 4  
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D E S I G N  f 5. 6, 1) 

A L I A S  HATRIX 

0 
12 0.2000 
13 0,2000 
14 -0.2000 
15 -0,20.00 
23 0,6000 
24 -0.2000 
25 -0.6000 
34 -0.2000 
35 -0.6000 
45 0 .  MOO 

1 2 3 
-0.2000 -0.6000 0.4000 
-0,2000 0,400@ -0.6000 
0,2000 -0,4000 -0,4000 
0.2000 - C, 4000 -0.4C00 
0,4000 0.2000 0.2000 

-0,8000 0,6000 -0,4000 
-0.4000 -0 .2000  0.8000 
-0.8000 -0.4000 0,6000 
-0.400O 8.8000 -0.2000 

0 ,8000  0.4000 0.4000 

ss 1 3600 2.5600 2.2400 2.2400 

4 
-0,8000 
-0.8000 
-0.2000 
0.8000 

-0.4000 
4. 2000 
0.4000 

-0.2ooc 
0,4000 
0.2000 

2.5600 

5 
-0,4000 
-0.4000 
0,4000 

-0,6000 
0.8000 
0 . 4 O O O  
0*2000 
0.4000 
0.2000 
0,6000 

2.2400 

C O N F O U N D I N G  INDEX= 2.3680 



62 

-1. - 1. 1. -1 .  -1.  
I.  - 1. - 1 .  - 3 .  1. 

-11 . - 1. - 1. 1. -1 .  
1. - 1 .  1. 1 .  1. 
1. 1. 1. 1. -1 .  

- a .  1. 1, - 1 .  1. 
-1. 1. - 1. 1. 1. 

X g X  INVERSE 

0.75GO 
1 . OQOO 
0,7500 
1.0000 
7 . OOQO 
0.7506 
0.7500 

0 . 1 8 3 5  0.0625 0,0625 -0,0625 -0.0625 -0.Q625 
0.0625 0.1875 0.8625 -0.0625 -Q,O625 -Cl.Q&25 
0.0625 0.0625 0.1875 -0,0625 -0 .0625  -0.0625 

-0.0525 -0.0625 -6.0625 0 - 1 8 7 5  0.0625 0.0625 
-0.0625 -0.0625 -0.0625 0.0625 0.1875 0.0625 
-0.0625 -0,9625 -0.0625 0,0625 0.0625 0.1875 



63  

A L I A S  MATRIX 

0 
12 -0.0000 
13 0.0000 
14 0,0000 
15 0.0000 
23 0.5000 
44 0 . 5000 
25 0.0000 
34 -0.0000 
35 -0,5000 
45 -0.5000 

1 
- 0 , 0 0 0 0  
0,0000 
0,0000 
0. 0000 
0.5000 
0.50~0 

-1,0000 
1.0000 

-0.5000 
-0.5000 

2 
-0.0000 
0.0000 
0.0000 

-1,0000 
0.500 
0,5090 
0.0000 

-0.0000 
-0~5000 
-0.5000 

ss 7.0000 3.0000 2.0000 

3 
0.0000 

-3. 0000 
1.0000 

-0.0000 
-0.5000 
-0.5000 - 0, o"oo0 
~ . O O O O  
0 ,  SO00 
0.5000 

2.0000 

4 
0.0000 
1.0000 

-0.0000 
-0.0000 
-0,5000 
-0.5000 
-0.0000 
0.0000 
0.5000 
0.5000 

2,0000 

5 - 1 0 0000 
-0.0000 
-0.0000 
-0.0000 
-0.5000 
-0.5000 
-0.0000 
0.0000 
0.5000 
0.5000 

2.0000 

C O N F O U N D I N G  INDEX= 2.2000 
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E E S X G I  4 5. 8. 1) 

5 VARIABLES 8 BUNS 

1. 1. - I .  1. 1. 
1. -1. I .  1. 1, 

-1. 1. 1. -1 .  1. 
1. 1. '9. - 1 .  -1 .  

- 3  . - 1, 1. 1. -1.  
- 3 .  1. - 1. 1 .  -1. 

1. - 1. -1, -1. - I *  - I .  - 1. - 1 .  - 1 .  1. 

0 ,1250  0-0 0-0 0 - 0  0.0 Q * O  
Q,O 0.1250 0.0 0-0 0.0 0.0 
O w 0  0.0 0,1250 0.0 0-0 0.0 
0-0 0.0 o m 0  0,1250 Q,O 8 . 0  
O e Q  0.0 0-0 0-0 8,325so 0.0 
0.0 0,o 0.0 0.0 o e o  0.1250 



0
 

Q
 

Q
 

0
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I 5. 9.  1) 

5 VAEIIAELES 6 PARAt!E!I!E8S 9 R U N S  

DESIGN MATICiIX 

1. -1. -1 .  -1.  -1. 
-1. - 1. -1.  -1.  1. 

1. - 1. 1. 1. - a .  
-1. 1. - 1. 1. -1 .  

1. - 1. -1 .  1. 1. 
1. 1. 1. - a .  1. 

-1 .  - 1. 1. 1. 1. 
. -1. 1. 1. -1. - 7 .  

1. 1. - 1. 1. 1. 

0.7143 
0.7443 
0.9143 
0 -  7500 
0,42 86 
0.95630 
0.7143 
0,6071 
0.6071 

X ’ X  INVERSE 

0.1161 -0 ,0089  0.0089 0.0689 -0,0089 -0.0089 
-0.0089 0.1161 0,0089 0.0089 -0.0089 -0,0089 

0 .0089 0-0089 0,1161 -0,0089 0.0089 0.0089 
0.0089 0,0089 -0,0089 0.1161 0.0889 0.0089 

-0.0089 -O10O89 0.0089 0.9089 0.1161 -0.0089 
-0.0089 -0.0089 Q B 0 0 8 9  0,0’089 -0,0089 0.1161 

AVEbAGE V A R I A N C E  OF CQEPPICT.ENTS= 0,1161 



A L I A S  MATRIX 

0 1 
12 -0, 1429 -0.1429 
33 -0,0714 -0,0714 
14 0 ,0714  0,0714 
15 0. 1423 C. 1429 
23 0, 1429 0.1429 
24 -0.1429 -0.1429 
25 -0 ,  1429 0.8571 
34  90, 1429 -0,1429 
35 -0,0714 -0.0714 
45 0,0714 0.0714 

ss 0 .  1429 0.857 1 

2 
0.1429 
0.8714 

-0.0714 
0.8571 

-0.1429 
0.1429 
0.1429 

-0,857 1 
0 .0714 

-0.0774 

1.5714 

3 
0,11129 
0,0714 

-0.0714 
- 0 -  1429 
-0 .1429 
-0- 857 1 

0 .1429  
0.1429 
0 -  071 4 

-0,0714 

0, a57 1 

4 
-0,1429 
-0.6714 
0. C714 
0 "  1429 

-0.8571 
- 0 -  1429 
- 0 . W 2 9  
-0,3r229 
-0.c714 
0.0774 

0. $571 

5 
0 .8573  

-0.0714 
0,0714 
0 .1429  
0 . 1 4 2 9  

-0 .1429  
-0.1429 
-0 .1429  
-0.07?4 

0 .  O? 1 4  

0.8571 

C O W O U N D I N G  INDEX= 1.0000 
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-1. 9 .  - 1. 1. 1. 
1. 1. 1. 1. -1. 
1. 1. - 1. -1.  1. - 1. 1. 1. -1 .  - 9 .  

-1. - 1. 1. -1. 1. - 1. - 1. - 1. 1. -1 . 
1, 1, -1. -1. -1. 
1, 0 1, 1. 1. 1. 
1. - 1. -1. -1. - 7 .  

81 7506 
0,7143 
6,6071 
0.49143 
0,7143 
0,7560 
8.4286 
0.7143 
Cl,grO’31 

0,1161 -0.0089 -0.0089 0.00d9 0,OO 
-Q.0089 0,1169 -8.QOM9 0,0089 Q , O Q  
- 0 . 0 0 8 9  -0.0089 0.1161 8 , 6 0 8 9  ‘s.08 
0*00139 0.9089 0 . 0 0 8 3  OIll6P -0.00 
0.0089 0.00139 8.0089 -0.0089 0.1161 -0.0089 
0.0089 0.80859 Q.0089 -0.0089 -3.0089 0.1167 

DETdXsX) = 0,45F752QOQQD 06 

A V E R A G E  VABIANCE 0 3  CCJEEYICIE 



ALIAS H A T R I X  

0 
0.0714 
0.0000 13 

14 0.0000 
15 -0,0714 
23 -0,1429 
2 4  -0.0714 

34 0.0000 
35 0. 1429 

12 . 

2 5  -0,1429 

45 0.07 14 

1 2 
0.071Q 0.0714 
0, oooc) O.QO00 

-0 .0000  -0.0000 
-0 .0714 -0.0714 
-0,1429 -0,1429 
-0,0714 -0.07lY 
-0,1429 -0,1429 
1.0000 0.0000 
0,1429 -0.8571 
0 .0714 0 .0714  

ss O . O B l 6  1.0816 0.7959 

3 
-0.0714 
- 0 . 0 0 8 0  

1.0000 
0.0714 
0,1429 
0,071 11 

-0  857 1 
-0.0000 
-0,1429 
-0.0714 

1 . 7959 

4 
-0.0714 

1 0000 
0,0000 
0.0714 
0.1429 
ooc714 
0 .  1429 

- O . O O O O  
-0 .1429 
-0.0714 

1,0816 

5 
-0 .0714 

0.0000 
0.0000 
0.0714 

-0 .8571 
0.0714 
0 .1429 
-0~0000 
-0,1429 
-0.0714 

0.7959 

CCBFCUNDING INSEX= 1.1102 



E E S I G N  ( 5. 10. 1) 

5 V A R I A B L E S  6 PARBHETEBS 1Q BUNS 

D E S I G N  MATBl 

-1 .  - 1, 1. -1 .  1. 
1. - 1 .  -1.  -1.  - 1 ,  

-1.  1. - 1. -1 .  1, 
1. - 1. 1. 1. 1. 
1. 1. 1. -1. -1. - 1. 1. 1. 1. -1. 
1. 1. 1. -1. 1. 

, -1 .  - 1. - 1. 1, 1. 
-1. -1 .  1. -1. -1. 

1. 1. - I *  1. -1. 

0.4286 
0.7143 

0.7 143 
0.41286 
0.7143 
6,5714 
0.5714 
0.5714 
0.57 14 

6.71 43 

0.1071 0.0 O,Q -0 ,0179 0.0179 0 , Q  
Q.0 0.1071 -0.0179 Q d O  0.0 0.0179 
Q.8 -Q.O1/9 0.1071 0.Q 0.0 0 - 0 1 7 9  

-Q,Q179 0.0 0.0 0.1071 0.0179 0.0 
0.0179 0.8 0, a 0,0179 9.1079 0.6 
0-0 0.0179 0.16179 0.0 0.0 O . l O 7 1  

C-EFFICXENCY= 96.4 

U19 V A R I A N C E  OF FITTED ]RESPONSE= 0.7143 



CESIGN i S.10. 1) 

A L I A S  M A T R I X  

0 1 
12 0 .  1429 0.0 
13 0.0 0.2857 
14 0.0 -0.1429 
15 -0.2857 0.0 
23 0 . 0  0.1423 
24 0. 0 -0.2857 
25 -0,2857 0. 0 
34 -0. 1429 0.0 
35 0.0 0.7143 
45 0.0 0.2857 

2 3 
0.0 0. 1429 
0.2857 0.0 

-0.1u29 0 ,o  
0.0 0.7143 
0.1423 0.0 

-0.2857 0-0. 

-0 .2857  0.0 
-0.7143 0. 0 

0.0 -0 .2857 
0.0 -0. 1429 

SS O d  2041 0.7953 0.7959 0.6327 

4 
-0 .1429 
0.8 
0.0 
0,2857 
0.0 
0.0 

-0.7143 
0,1429 
0.0 
0.0 

0.6327 

5 
0.0 
0.7143 
9.1429 
0.0 

-0.1429 
-0.7143 
0.0 
0.0 
0.2857 

-0 .2857 

1 . 2245 

C O N F O U N D I N G  INDEX= 0.8163 



- I *  - a. 1. 1 s  
1. 1. 1. I .  

-1, 1. - 1. 10 
3 .  - 1. -1 .  1. 
1. 1. 1. - 1. - 1, - 1, -1.  - 1  . 

-1. 1. 1. -1. 
1. 1. - 1. 1 .  
1. - a .  1. 10 
1. - 1. - 3 ,  - 1  . 

1. 
-1. 

1. 
I .  
1. 

-1 ,  
-1. 
-1.  
-1. 

1. 

0.7143 
0.4286 
0,7143 
0.4286 
8.7143 
0,7143 
0.5714 
os57 44 
0.57 14 
6 , 5 7 1 4  

Q , 1 0 7 1  -oe01-T9 0.9 0 , 8  -0.8179 0.0 
-0,0179 0.1071 0.9 0 . 0  -0,0479 0.0 

o e o  0,o 0.1071 -0.8199 0 . 0  0,0179 
0-0 0.0 -o,a179 0 . 1 0 7 1  0 . 0  0.0179 

0,o 0.9 0,0179 0.0179 0.0 0 ,1091  
-8.9179 -0.0179 0.0 0,ca 9,1071 0.0 

C-EFPJCZEMCY= 96.4 



ALIAS H A T R I Y  

0 1 2 
12 0.0 0.0 0.1429 
13 . 0.0 0-0 0. '1429 
34 0 .  1429 0.1423 -0.1429 
15 0. 1429 0.1423 -0,1429 
23 0,2857 0.2857 0.0 

25 -0,1429 -0,1423 0 . 0  
34 0.0 0-0 -0.7 143 
35 -0.1429 -0.1429 0 . 0  
45 0.1429 - 6.857 1 -0.1429 

24 0.0 0.0 0.2857 

SS 0, 1837 o m  agim 0,6939 

3 
0.1429 
0.1429 

-0 ,1429 
-0. 1429 
9. a 

-0.71 43 
0 . 0  
3.2857 
0.0 
-0. 1429 

0.6939 

4 
0.0 
0 0 0  
0.1429 

-0 .857 1 
-0,7143 
0.0 

-0, I 4 2 9  
0.0 

-0.1429 
0.1429 

1.3255 

5 
-0 ,1429 
-0.1429 
-0.8571 

0 .1429  
0 . 0  

-0.2857 
a . 0  

-0.2857 
0.0 
0.11423 

0,9796 

C O N F O U N D I N G  INDEX= 0.9184 



D E S I G N  M A T R I X  

1. - 1. -1. 1. -1, 
1. I. 1. -1. -1. 
1. - 1. 1. 1. 1. 

-1 .  1. 1. 1. 1. 
-1 . 1. 1, 1. -1. 
-1. 1. -1. 1. 1, 
-1. - 1. - 1, - a .  1. 
1. 1. -1. -1. 1, 

-1 e -1. - 1. - 1. -1.  
-1. - 1. 1, -1 . 1. 

10 R U N S  

VARI11NCE OF FITTED RESPONSE 

0.7343 
0.7143 
6.7143 
0.4286 
0.5714 
0.57 14 
0.42 e4 
8.7143 
0.5744 
0,57116 

X ' X  IHVERSE 

OmlO7l 0.0179 0.0 0.0 o * o  -0.0199 
0.0179 0.10'71 0.0 6*0 Q,Q 0.0179 
0.0 0.0 0.1071 -0.0179 - ,0179 0.0 
0.8 0.0 -0 .0179 0.1071 -0,01199 0.0 
0,Ci 0.0 -0.0179 -0.0179 0.1871 8.0 

-0.0179 0.0179 0.0 0-0 o m 0  0.1071 

DES 1 X ' X )  = 0.80281600OOD 06 

E-EFFICIENCY= 96.4 

AVEBBGE VAEIAlCE OF C O E F P f C I E  



D E S I G N  I 5.10. 3) 

A L I A S  H A T R I X  

0 1 
12 Q. 0 0.0 
13 iI.0 0.0 
14 0.0 O , o  
15 -0.1429 C, 1429 

24 0.0000 -1.0033 
25 0.0 0.0 
34 0. 1429 -0 .1429  
35 0.0 0 . 0  
45 0.0 0.0 

2 3  0 . 2 8 5 7  - 0 . 2 8 5 7  

2 
300 

-0 ,1429 
-1.0000 

1) 
0 .o 
0-0 
0.0 
0.2857 
0.0 

-0.7 143 
0.1429 

ss 0.1224 1.1223 1.6327 

3 
-3.  a000 
-0.1429 
-0,0000 
303 
0 ,  a 
0.5 

0 , o  
0,2857 
a, 1429 

-3,7143 

0.5327 

4 - 1.0000 
-0.1429 
-0.0000 
0.0 
0.0 
0.0 
0 , 2 8 5 7  
0.0 
0,2857 
0.7429 

1 .2041  

5 
0.0 
0.0 
0.0 

-0 .1429  
-0.7 143 
0.0000 
0.0 
0.1423 
0.0 
0.0 

0.55 19 

C C N P B U N D I N G  I N C E X =  1,0286 

\ 
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-1, - 1. -1. - 1  * - I *  
1, 1, - 1. - 1 .  -10 

-1 .  1. - 1 .  1. -1 ,  
1. 1. 1. -1. -1. 

-1,  - 1. 1, 1. - 1  . 
- 8 .  1. 1. 1. 1. 

1, - 1. 1. 1. -1  . 
1. - 1. 1. - 8 .  1. 
1. - 1, - 1. 1. 1. 

-1, - 1, - 1. -1. 1. 
- l a  1, 7. - 1 ,  1. 

0,0972 0.0139 Q,0139 - 0 , 0 1 3 9  6.6138 6.81139 
0,0139 0 , 0 9 7 2  0,0139 -0.0139 0,013 (2.0139 
0.0139 0.013 0,0972 -0,0139 0,013 0 . Q 1 3 9  

-0.0139 -0 .013 -8,Q139 8 , 8 9 7 2  -0 ,0139 -0 ,0139 
0.0139 0.0139 0.0139 -0,0139 0,0972 8.0439 
Q.Ql39 0,0139 Q , 0 1 3 9  - 0 , 9 1 3 9  0 .@139  0.0972 

DET (X’XS = 0.1492992 

B CE; 8 2  COEPPICXEXS 

CE OP FITTED RESPONSE= 1.0000 



7 7 

A.LLIAS M A T R I X  

0 
12 -0.2222 
1.3 0,0000 
14 -0.1111 
15 -0.1111 
23 0.1111 
24 -0.1111 
25 -0,2222 
34 0,0000 
35 0,1111 
45 -0.0000 

1 2 
-0.2222 -0.2222 
0.0000 -0.3333 

-0.1111 -0.4U44 
-0.11 7 1  -0.4444 
-0.2222 0.1111 
-0.4444 - G . I I l l  
-0.5556; -0.2222 
-0.3333 -0.3333 
-0.2222 0.4444 
0.3333 0.3333 

ss 0.1605 0.9072 l.OG94 

3 
- 0 . t l l l  - 0,0000 
-G. 2222 
" O I L L L L  

-0,1111 
-0 ,2522  
0.5556 

-0.0000 
-0.11 1 1  
-0.3333 

-A+.... 

0,6049 

4 5 
- C . 5 5 5 0  -0.5556 
-0.3333 -0,3333 
- G . 1 1 1 1  0 .2222  
012222 -0,1111 

-c .2222  0.4444 
- G , l l l l  0.2222 

0 4 1 1 ~ 1  -G.2222 
0.0000 - 0 . 3 3 3 3  

-0.2222 O . ! l l t  
-0.0000 -6,GGOO 

0.6049 0.9012 

C C N P O U N D I N G  I N G E X =  0.8 I 2 3  



C 5.11 .  21 

f j  V A R I A B L E S  6 PARAMETERS 1 1  BUNS 

C E S I G N  HATBIZ 

-1  a 7. -1. - 7 .  1. 
-1. 1. - 1. 1. -1. 

1. 1, 1, -1 .  -1  . 
- 1  . - 1. 1. - 1  I .  -1 .  

1. _- 1. - a .  1. 1. 
-1. - 0, -s 1. -1. 7 .  
- 1 ,  - 1. 1. 1. - 1  0 

. 1. 1. - 7 .  1. -1. 
1. -- 1. - a .  - a  0 - a  . 
1. - 1. 1. 1. 7 0  

1. 1. 1, - a  . 1, 

0.5556; 
8 , 5 5 5 6  
Q , % O O O  
0.5080 
O , § Q O O  
6,5000 
0,5556 
0.5000 
8.7222 
0.5556 
0 . 5 5 5 6  

0,1)972 -Q.O139 0.0734 0.0139 0.0159 0.0139 
-8 .0139  0,9972 --Q,0139 -63.0139 -0,0139 -0 .0139  
0.8939 -0.0139 0 , 0 9 7 2  0,0139 0.i2139 0,0139 
0.0139 -0 .0139  0.0134 0,0972 0.0139 0.0139 
0.0139 -0 .0139 0,0139 0.0439 Q.G972 8.8139 
0 * 0 1 3 9  - 8 , 0 1 3 9  0,0139 0 , 0 7 3 9  0.0139 0.0972 
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CESIGN { 5 , I l .  2) 

A L I A S  MATRIX 

0 
12 0.1111 
13 0. 2222 
14 0 , l l l l  
I5 0.2222 
23 -0,2222 
24 -0.12222 
25 -0.1111 
34 -0.llll 
35 -0.1111 
lr5 -0,2222 

1 
-0.111; 
-0.2222 
-0.1112 
-0.2222 
0.5556 

-0.11 91 
-0.2222 
-0.2222 
0.44k4 
0.5556 

2 
O . i l f l  
0.5556 

-00 2222 

-0.2222 
-0.2222 
-0 ,1111 
-0.4 444 
0 0 2222 

-0 .5556  

-0.1 111 

ss 0.3086 1,0494 1.0494 

3 
0*4444 
0.2222 

-0,2222 
G. 5556 

-0.2222 
-0.5556 
0.2222 

-0.1111 
-001111 
0.1117 

1. 0494 

4 
e 2222 

-0. 11 7 1 
0,1111 
G.5556 

-0.5556 
-0. 22 22 
-0.4444 
-0 .11 11  
0.2222 

-0.2222 

1,0494 

5 
e 2  22 

0,5556 
6.4444 
0.2222 
0.1111 

-0.5556 
-.Go 1 1 7 1 

c .2222  
- G . ' l ? l l  
-0.2222 

1.0494 

C O N F O U N D I N G  f N C E X =  l o  0494 
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1. 1. 7 .  1. 1. 
10 1. -- 3 0 a *  - 1  0 

- 5 .  ‘1. - 1. 1, -1. 
- 1 .  1. 1. - 5  * -10 

-1. t .  1. 5 .  1 .  
1. - 1. 1. I *  - 1 .  

- 1  I r  - 1 .  - 1 .  1. 1. 
1. 1. -1. -1.  9 .  

- a 0  - 10 - 3 .  - 1  . 1. 
10 -10 1. -1, 1. 
1. - 1. -1. I. - 1  

- a .  - 1. l o  - 1 ,  -1.  

0 , 0 8 3 3  0,o 0.0 0-0 0.0 Q * O  
Q, 0 0,9833 0.0 0,Q O e 8  8.3 0 
0.0 0.0 0 , 0 8 3 3  0 . 0  0.G 00 0 
0,o Q I  0 0-0 Q . 0 8 3 3  o*c? 0 - 0  
8.0 Q,O 0-0 0.0 QeCi833 0.0 
0.8 0.0 00 Q Q.0 O e Q  0 . 0 8 3 3  

D - E P P . x @ I E N C Y =  400. Q 

A V E R A G E  V A R I A N C E  05 CBEFPTCFENTS= Q, 0 8 3 3  

P-EFFICGEHCP- loo* Q 

~AX%t-!UH VBBIRMCE OB PITTED WESBO SE= 0,5000 



L399'k) L999 * 0 L999 '0 i999'Q f.999-0 0 '0 SS 

E€€€'Q EEEE'O- 
EEFF'O E€€€ '0 
FE€:E'O EEEE'O 

0 '0 FEE '0 
0'0 EEEE'Q- 
0 '0 EEEE: '0- 

EEEE'O 0'0 
€EEE'D- 0 '0 
E€EC"O- 0'0 

0.0 0 '0 
e 

7 
L 



5 V A R T A B L E S  13 RUNS 

D E S I G N  M A T R I X  

X t l )  X(2) x t 3 1  X ( 4 1  X(5) V A R I A N C E  OF FITTED RESPONSE 

3 .  - 1, 1. -1.  1. 
-1, 1. -1. 1 .  1. 
-1. - 1. - 1. 1. -1. 
-1.  1. 1. 1. - 1  . 

1. 1. - 1, -1. -1. 
1. - 1. - 1 .  -1.  -1. 

-1. - 1. - 1. - 1 .  1. 
. -1,  1. 1. - 1  . 1. 

-1, -1. 1. - 1 .  - 1 .  
1. - 1. 1. 1. 1.  
1, 1. - 1. 1. 1"  
1. 1. 1. - 1 .  -1  n 

1. - 1, 1, 1, - 1 .  

0.4259 
0.4259 
0 . S O O Q  
0.5800 
0.48 15 
8.4259 
0.50010 
0.5000 
0,4259 
0 .48  15 

0.4259 
0,4259 

0, Q815 

0.0487 -0,0046 0,0046 -0.0046 0.0046 0.0046 
-QI0046 0.0787 0.0046 -OoOO46 O.0046 0.0046 
0.0046 0.0046 0 . 0 7 8 3  0.004 -0.0046 -0.0046 

-0.0046 -0.0046 0.0046 0.0787 0.0046 0,0046 
0,0046 0 . 0 O Y 4  -0,0046 0.0046 O,0'787 -0,00416 
0.0046 0.0046 -0,0046 0,0046 -0.0046 0.9787 

A V E R A G E  V A R I A N C E  OF C O E F F I C I E N T S =  0.0787 

T - E f f I C I E N C Y -  97.7 

BAXIPIUM V A R I A N C E  OF PETTED RESPQNSE= 0.5800 
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A L I A S  PIATRIX 

0 
12 -0,0741 
13 0.0741 
1 4  -0.0741 
15 -0,0741 
23 -0.0741 
24 0 * 1 1 1 1  
25 Q. 1111 
34 -0,1111 
3 5  -0 ,1111 
4 5  0,0741 

1 
-0 .0741 
0,074 1 

-0,0741 
-0.074? 
-0.4074 
-0- 2222 
-0,2222 

0.2222 
0.2222 
0,4074 

2 
0.0741 

-0.4074 
-0 e 2593 
-0.2 593 

0.0741 
-0,1111 
-0 .4111 
-0 .2222 
-8 .2222 

0.2593 

SS 0,0823 0,5514 0 ,5021 

3 - 0.4074 
0,0741 
0.2593 
0.2593 

- 0.074 1 
-0.2222 
-0 .2222 
-0,1111 
-0 .11  11 
-0,2593 

0.5021 

4 
-0 .2593 
0.2593 
0.0741 
0.4074 

-0,2593 
-0,1117 

0 . 2 2 2 2  
0,1111 

-0.2222 
-0 .0741 

0.5021 

5 
-0.2593 
0.2593 
0.4074 
0.0741 

-0.2593 
0.2222 

-0.1111 
- 0 . 2 2 2 2  

0 .1111 
-0 .0741  

0.5021 

C O N f O  U N D l N G  I NDEX= 0.5 11 9 
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TESIGH I 5.13.  2) 

DESIGN MATTRIX 

-1 .  1. -1 .  1. 1. 
-1. 1. 1. - 1 .  1. 

1. 1. - 1. - 1 .  1. 
- 1 .  - 1, 1. -1 .  1. 

1. 1. -1. -1 .  1. 
-1. 1. 1. 1 .  -1. 

1. 1. 1. 1, -1. 
- 1 .  1. - 1. - a .  - 1  . 

1, - 1. 1. 1. 1. 
-1 .  - 1. - 1 .  1 .  1. 

1. - 1. -1 .  1; -1, 
-1 .  - 1. - 1 .  -1 .  -1. 

1. - 1. 1. -1. -1.  

0.4259 
0.4259 
0.4259 
0.48 15 
0.4259 
0.5800 
0.4815 
0.4259 
8.4865 

0.48115 
0 ,4815  
0.4815 

0.0787 0.0046 -OeO046 0.0046 0.084 
0,0046 0,0787 Q.0046 -0.0046 -0.604 

0.0046 0,0787 0.0046 0.084 
0.0046 0.0787 -Q.904 
8.8046 -0,0046 0.6787 6,0046 

-0,0046 0.0046 -0.0046 0.0046 0.0046 0,0787 

C-EPFICIEMCY= 98.8 

GE V A R I A N C E  OF COEFFICIENTS= 8,0787 

flBXXBIUH V A R I A N C E  OF P I T T E D  SPOMSE= Q.5Q00 



12 
13 
14 
15 
23 
24 
25 
34 
35 
45 

A L I A S  ElATBIX 

0 1 
- O m  1111 0.1111 

0,1111 -0 .1111 
0" 1111 -0 .1111 

-0 .11  11 O m  1 1 1 1  
-0,0370 -0.2963 
-0,0370 -0.2963 
0.0370 0.2963 
0,0741 0,2593 
-0,0741 -0.2593 
-0 ,0741 -0.2593 

2 
-0,1111 
-0.2222 
-0.2222 

0.2222 
-0.0370 
-0.O37O 

0,0370 
0.4074 

-0,4074 
-0.4074 

SS 0.0700 0.5144 0 .6626  

3 
-0.2222 
-0.11 11 
0.2222 

-0.2222 
0,0370 

-0.3704 
-0.0741 
0,074 1 

-0.2593 

O m  3704 

0.5144 

4 
-0,2222 
0.2222 

-0 .7111  
-0.2222 

0 I 0 3 7 0  
-0.3704 
-0.0741 
-0.2593 
0,674 1 

0.3704 

0,5144 

5 
0.2222 
-0.2222 
-0.2222 
-0.11 11 
-0.3704 
-0.3704 
0,0370 

-0 .2593 
-0.0741 
-G.O?Li  1 

0,5144 

C O N F O U N D I N G  INCEX= 8.5440 
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CESIGPI d 5.13. 3) 

5 VBBIABLES 6 PARAflETERS 13 R U N S  

1. I .  1. -1 .  -1. 
1. - '0. -1 .  7 1 .  1. 

-1. 1, - 1. -1. -1 ,  
- 1  9 - 1. 1. 1. 1. 

1. I .  - 1. 1. 1. 
-1. - 1. 1. -1. -1.  

. -1.  1, - 1. 1. 1 .  
1. 1. 1. 1. -1. - 1. 1. 1. -1. 1. 
1. - 1, 1. -1. 1, 
1. - 1. - 1 .  1, - 1  . 

-1  . - 1. 1. 1. -1. 

-1.  - 1. - 1. -1. - 1  9 

X w X  IMVEBSE 

0,4815 
0,5000 
0,4845 
8.48 15 
0,61259 

0.3333 
0.48 15 
Qe5008 
0.48 IS 
0.4815 
0.5000 
0.4259 

0,0787 0.0046 0.0046 -0.0046 0.00463 0.0046 
0,0046 0.0787 -0.0046 0.0046 -0.0046 -0.0046 
0,0046 -0.0046 0.0787 0.0046 -0,0046 -0.6046 

0.0046 -0.004 -0.0046 8.0846 0.0787 -0.0046 
0.0046 -Q.Q046 -0.004 0,0046 -0.0046 0.0987 

-0,0046 0,0046 0,0046 0.0787 0.0046 O.QO46 

D-EFFICIENCY= 9 8 . 8  

A V E R A G E  V B B I B N C E  OF COEPFfCIE 

T - E F F I C I E M @ Y =  94.7 



ALIAS MATRIX 

0 
12 O,Q370 
13 -0,0741 
1 4  0 0 0 7 4 1  
15 0,0370 
23 -0,0741 
2 4  0.1111 
25 0. 0741 
34 -0.1111 
35 -0,1111 
45 0.0741 

1 2 
-0 ,0370 -0.0370 

0.0741 0.4074 
-0.0741 0.2593 

0.4074 0.0711 
0.2222 -0 .1111 

-0 .4074 -0,0741 
-0.2222 -0.2222 
-0.2222 -0.2222 
-0,4074 0.2593 

-0,0370 -013704 

ss 0.0672 0.6598 0,5610 

3 
0,3704 

-0.0741 
-0.2593 
-0.2963 
-0 ,0741 
-0.  2222 
-0.2593 
-0 .1111 
-0 .1711 
-0.2593 

0,5117 

4 5 
0.2963 -0.3704 

-0.2593 -0.2593 
-0.0741 -0,4074 
-0 .3704 -0.0370 
- 0 - 2 5 9 3  -0.2593 
-0 ,1111  0.2222 
0.2593 -0 .0741 
0 . 7 1 1 1  -0.2222 

’ -0.2222 0.1111 
-0,0741 -0 .0741 

0.5117 0.5610 

C O N f O U N D I N G  INDEX= 0,5610 
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EESIGN HBTHIX 

- 1  . - 1. 1. -1. 1 .  
- 9 0  1. - 1. - 8 .  1. 

10 1. - 1. 1. -1 . 
10 - 1. 1. -1. -1. 

-1 .  - 1. 10 1. -1. 
1. - 7 .  -1. - a .  - 7 .  
1 .  - 1. - 1 .  1. 1, 

-1. 1. 1. 1. -1, 
1, 1. 1. -1 .  1. 

-1  . - 1, - 1 .  - 9 .  -1 .  
- 1 s  1. -1 .  1 -. 1. 

1. - 7 .  4. 1. 1, 
1. 1, 1. -4. - 1 s  

- a  0 1, - 7 .  - 7 .  -1. 

0,407Q 
0.48 15 
0- 3333 
a. 48 15 
6.4074 
0.48 1s 

0.48 15 
8 .  QQ74 
0. UQ74 
0. YO74 
0.9074 
0 . 3 3 3 3  

8. 4885 

C E  OP P I T T E D  RESPQHSE= 0.4815 



ALIAS HATRIX 

0 1 
12 , -O.  1852 -0.0370 
13 0 ,1111 0.0370 
l U  0-0370 -5 ,1111  
15 0 0 0 3 ? o  -0 .1852 
23 -0. 1852 0.2963 
24 -0,0370 -0 .1483 

34 -0.C370 -0.4444 
35 -0.0370 b .  1 4 8 1  
45 0.1111 0,2963 

25 -0,0370 -0,1481 

2 
0.0370 
0,2963 

-0,2222 
-0. l W ?  
0.0370 

-0 a 1852 
- 0 a l d J 2  
-0.2222 
- 0 , 1 4 8 l  
-0,2963 

3 
0.2963 
0" 0370 - 0- 4404 
0.1481 

-0.037O 
-0 .  1481 
-0. 7481 
-0e1ra 1 
-0.1852 
-0,3701: 

4 5 
-0.1483 -0 .1481 
-0. Y444 0 . 2 2 2 2  
-0.0370 0.2963 
0,2963 -0.0370 

-0,3481 -0,148l 
O,r.)37Q -0-2963 

-0 .2963  0,0370 
0,0370 -0 .2963  

-0.2963 CJa 0370 
- 0 . 1 1 1 1  - O e l ? 1 I  

5s 0 . l Q l S  0.4803 0.3896 8.5377 0 ,5233  0.3731 

CQMPOUDDlNG IBCEX= 0.462 
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ICESIGN 5.  14,  2)  

9 .  - 1. 1. -1 .  1. 
9 .  1. -1 .  -1, - 1 .  

-1. 1, -1.  1. 1. 
1. - 1. 1. 1. -1  . 

-1. 1. 1. -1. 1. 
1. - 1. -1 .  1. 1. 
1. 7. 1. 7 .  1. 

-1 .  1. 1. 1. - 3  . 
-1 . - 1. -1. -1,  - 1 .  

1. 1. 1. 7 ,  - 1  * 
1. - 1. - 1. -1. 1. 

-1. - 1. 1. - a .  1 ,  
1, 1, 1. -1.  - a ,  

-1.  1. -1 .  1. -1. 

0,3333 
0 . 4 8 1 5  

00 4074 
0.48 I5 
Q m  48 IS 
0. 4074 
0.48 15 
0,4815 
0 .3333  
0.4074 
0.4074 
0,4074 
0, 4074 

0,0741 -0.0093 0.0 -0.0093 0.0 0.0 
- 0 . ~ 0 9 3  0 . 0 7 ~ l i  0.0 -Q,Q093 0.8 O * Q  
0. Q 0.0 Om0741 O e Q  -8.0093 0,0093 

-0.0093 -0.0093 0 . 0  0.0741 0 . Q  0.Q 
0-0 0.0 -0,0093 0.0 0.0741 080093 
0.0 0.0 0,0093 O , Q  0.0093 0 .0741  

A V E S A G E  YBRIAHNCE OF COEFFICIENTS= 0.0741 

T - E F F I C I E N C Y "  95.4 



CESSGN ( 5.14. 2) 

ALIAS U A T B I X  

0 
12 -0.0370 
13 0,1111 
I4 -0,0370 
15 0,0370 
23 -Q,0370 
24 0, Id52 
25 -0, 1111 
3 4  -0,0370 
35 0,0370 
45 -0 ,1111 

1 
-0.0370 

0,1111 
-0.0370 
0.037i) 
0,2963 

-0 .1481 
-0.44Q4 

0.2363 
-0.2963 
0.2222 

2 
0,1111 
0.2222 

-0 .1481  
-0 ,4444  

0,1892 
0.0370 

-0.0370 
-0.2222 
0.2222 
0,2963 

ss 0,0796 0.5487 0.5048 

3 
0.2963 
0 .1111 
0.2963 

-0.2963 
-0,0370 
-0. 1,481 

0.2222 
-0.0370 
0.0370 

-0. Y444 

0.5487 

Y 
-0.2222 
0.2222 
Q. 6852 
0.2222 

- 0 .  I48 1 
0.0370 
0.2963 
0 ,1111  - 0 . 4444 

-0.0370 

0 . 5048 

5 
-0.4444 
-0.2222 

0.1481 
0 .1111  
0.1481 
0,2963 
0.0370 

-0.4444 
0.1711 
0,0370 

0 . 6 0 3 6  

C O B P O U N D I N G  INDEX= 0,5421 



LRLQ'O 
Q * 0 
0'0 
0'0 

f6QD'Q 
E609'0- 

SMnH RL 

0'0 0'6 0'8 E600'0 E600'Q- 
LhL.0'0 E40Q' 0 "6 0 '0 
E600'0- LbL0'6 E600'0- 0 '0 0'0 
E600'0- E600'0- LhL8'0 0 '0 0 '0 

0'0 0'0 0'0 LlsLO'O E600'9 
8'0 0'0 0'9 €600'0 lR60'8 

'1 'B- '1- '1 
"1 *e- '1 '1 - 'L- '1 '1 'C 
'1 -- 1 'I - '1 
'1 91 "I 'L - 
'1 '1 'E - 'I - ' 1- '&- '1 - '1 - '1 *l- 'b - '1 - '1- 'L 'I 'L 
'L- 'L- *l- "L 
'I '1 'I '1 
'1- 'I- '1 '& - "L- '1 '1- 'L - 
'L 't - 'h '1 

9 

' 

0 

c 

' 

L- 
L- 
1 
1- 
1- 
L- 
1 
1 
1- 
1- 
1 
L- 
1 
1 



DESIGN ( 5.14. 3) 

B L I A S  MATRIX 

0 1 
12 -0.037~ 0,0370 
13 -0.0370 0.0370 
14 0.0370 -0,0370 
15 -0 ,1111 0.1111 
23 0.2593 c.7407 
24 0 ,  1852 0.1481 
25 0,0370 0.2963 
3 4  0.1852 0.1481 
35 0.0370 0.2963 
.45 -Q.0370 -0.2963 

SS 0.1564 0.8724 

93 

2 
-0,2593 

0.7307 
0,1481 
0.2963 
-0.0370 
-0.0370 

0.1852 
0.2963 

-0.1481 
-0 .1481  

0.8944 

3 
0.7407 

-0 ,2593 
0. 1481 
0.2963 

0,2963 
-0 ,1481 
- 0. Q3 70 

0.1852 
-0 ,1481 

0.8944 

-0,0370 

4 
0.0741 
0.0741 

-0.1852 
-0.370Y 

0 . 2963 
- 0 . 0 3 9 0  

-0,0370 
-0,1481 
0. I852 

0.3512 

-0,. ilea 1 

5 
0 .2963 
0.2963 

-0.2963 
-0 .11  11 
-0.0741 
-0.l48l 
0.0370 
-0. I U S 1  
0.0370 

-0,0370 

0 .3292  

C C N F O U N D I N G  I N C E X =  0.6683 



D E S I G N  t % , I $ .  1) 

3ES IGN n WTXIX 

1. 1. 1. - 1 .  - 1 .  
-1 .  1. 1. 1. 1. 

7 ,  - 1. 1. 1, -1 ,  
- 1  . -1 .  1. 1. -1 .  
-1. - 1 .  - a .  -1 0 -1 ,  
-1. -1. 1. - 3 .  1. 
- 1 .  1. -.- 1 . 1. -1 ,  

. 1. - 9 .  1. .- 1 0 1. 
1. - 1. - 1 .  1 .  - 1 ,  
1. 1. -' 1 . 1. 1, 

- 1 .  1, 1. -1  . - 1  Q 

-1.  1. - 7 .  - 9 .  1. 
-1.  - 1, - 1 .  1. 1. 

1. - 1. -1. - 1 -  703 

1, 1. - 1 .  - 7 .  - 1  * 

X @ X  I N V E B S E  
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ALIAS M A T R I X  

0 
42 -0.1000 
13 -0,1000 
14 -0. 1000 
15 -0. 1000 
23 -0, 1000 
24 -0.0500 
25 -0.0500 
'34 -Qo 1000 
35 -0.1000 
45 -0.8500 

1 
-0.1900 
-0,1(3uo 
-0 .1000 
-0.1000 
-0 .1000 
- 0 . 0 5 8 0  
-0 .0500 
-0,1000 
-0,1000 
-0,0598 

3 
I 

-0. I O O i )  
-0,1000 
- 0 , 1 0 0 0  
-0,1000 
-0, lobo 
-0.0500 
- 0 . O 5 O O  
-0 .1000 
- 0 .  to00 

O I 4 S O O  

SS 0.0775 0.0775 0 , 2 7 7 5  

3 
-0.1ou0 
-0.1000 
-0,1000 
-0,1000 
- 0 * 1 0 o o  
-0.0$00 
-0. os00 
-0.1000 
-0 .1000 
-0.U500 

0.0775 

4 5 
- 0 . 1 0 0 0  -0.1000 
-0.1000 -0.1000 
-0. '7000 -0 .1900 
-00l000 -0 .1000  
-0.100rJ -0,1000 
-0. QSOO 0.4500 
0.4500 -o,osoo 

-0 .1000 -0.1000 
- 0 . 1 1 ) O O  -0 .1000 
-0 9500 -0.0500 

0. 2'1'75 0.27'75 

C O N P O U N D l N G  INDEX= 0.1975 
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C E S I G H  L 6, 7 .  1) 

5 VARIABLES 7 PBRAHETE3.5 

D E S I G N  M A T R I X  .. 
7 R U N S  

1. 1. 1. 1. 1. 1. 
-1. 1. 1. - 1 .  -1.  1. 

1. - 1. - 1. -1. 1. -1. 
- 1. * 1. 1. 1. 1. 1. 

1. -1. - 1. 1. -1 .  1. 
1. - 1. 1. 7. -1. -1. 

-1. 1. -1. 1. 1. -1. 

1 .oooo 
1.0000 
1 .oooo 
1 .oooo 
1.0000 
7.0000 
1 .oooo 

X ' X  I N V E R S E  

0.1852 -0.0185 0.0185 -0.0185 -0.0648 -0.0276 -0.0185 
-0.0185 0.1852 9.0648 8,0185 -0.0185 0.0278 0.C185 

-0.0195 0.0185 -C.O185 0.1852 -0,0185 0.0278 -0.0648 
-0 .0548 -0.0185 0.0185 -0 .0185  0.1852 -0 .0278  -0.0185 
-0,0278 0.0278 -0.0278 0 . 0 2 7 8  -0.0278 0.1667 0.0278 
-0 .0185 0.0185 -0.0185 -0 .0608  -0.0185 0,0278 0.1852 

0.0185 0.0648 0.1852 -0.0185 0.0185 -0.0278 -0.01tx 

CET ( x ' x )  = 0.331776000QD 06 

C - E F F I C I Z N C Y =  8 7 . 8  

A V E R A G E  V A R I A N C E  a F  COEPPICIENTS= 0.1825 

'I -EFPICIENCY= 78.3 

C A X I H U M  V A R I A N C E  r3F FITTED R E S P O N S E -  1.5567 
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A L I A S  M A T R I X  

12 
63 
14 
15 
14 
23 
24 
25 
24 
34 
35 
36 
45 
46 
56 

0 
-0.7778 
-0.3333 

0 . l l l l  
0. 11111 

-0.3333 
0.3333 

-0 .1111 
-0.1111 

0 . 3 3 3 3  
-0 .1111 
-0.5556 

0 , 5 5 5 6  
0.1111 

-0 ,1111 
- 0 . 5 § 5 6  

1 
0.1111 
0 .3333  
0.5556 
0.5556 
0 . 3 3 3 3  
0 .6667 
0.4444 
0 .  ?444 
0.6661 
0.4444 
0.2222 

- 0 . 2 2 2 2  
-0.44UY 

0 .4444 
0 . 2 2 2 2  

2 
-0.1111 
0.6667 
0.4444 
0 .4444 
0.6667 
0.3333 . 
0.5556 
0.5556 
0 . 3 3 3 3  

-0.411 44 
- 0 . 2 2 2 2  

0.2222 
0.41(44 

-0.4444 
-0.2222 

SS 2.06 17 2.8765 2.8755 

CONFOUNDING INDEX= 3,1819 

3 
0.4444 
0 . 3 3 3 3  
0.2222 
0.2222 

-0.6667 
- 0 . 3 3 3 3  
-0 .2222 
-0 .2222 
0.6667 
0.7778 

-0 .11  1 1  
0.1771 
0 . 2 2 2 2  

- 0 . 2 2 2 2  
0 .  a889 

3.0247 

4 
0 .2222 
0.6667 
0 .1111  

-0.8889 
0.6667 

-0.6667 
-0. I 1  11 
0.8889 

-.O. 6667 
-0 .1111  

0.4441( 
-0 .  4444 

0.1111 
-0.1111 

0.4444 

4.0617 

5 
0.6667 
0.0000 

-0.6 667 
0 . 3 3 3 3  
0.0000 

- 0 . 0 0 0 0  
0 .5667  

- 0 . 3 3 3 3  
- 0 .  0000  
0.6667 
0 . 3 3 3 3  
0 .6667  
0 . 3 3 3 3  
0 . 6 6 6 7  
0 . 3 3 3 3  

3 . 2 2 2 2  

6 
0,4444 

-0,6667 
0" 2222 
0.2222 
0 ,3333 
0,6667 

- 0 . 2 2 2 2  
-0.2222 
- 0 . 3 3 3 3  
-0.2222 
0.8889 
0 . 1 1 1 1  
0.2222 

-0.1111 
0 . 7 7 7 8  

3.0247 



DESIGN t 6. 8, 1) 

6 VARILBLES 7 PARAHETERS 

DESIGN M A T B I X  

8 R U N S  

-1. - 1 .  - 1 .  - 1 .  1. 1. 
1. - 2 .  1. 1. -1. 1.  
1. 1. -1. -1. - 9 .  - a .  

- 1 .  - 1. -1 .  1. - 1 .  -1 .  
1. -1 .  1. -1 .  1. -1 .  

-1. 1. 1. - \ .  -1 .  1 .  
1. 1. -1. 1. 1. 1. 

-1. 1. 1. 1 .  i. - 1 .  

0.8750 
0.8750 
0.8758 
0.8750 

0.8750 
0.8750 
0.8750 

0. a750 

X p X  I N V E R S E  

0.1250 0.0 0.0 0.0 0 - 0  0.0 0.0 
0.0 0.1255 0.3 0.0 0.0 0.0 0.0 
0 . 0  0. b 0.1250 0.0 S.O 0.0 0.0 
0.9 0.0 0.0 0.1250 3.0 0.0 0.0 
0.0 0.0 0.0 0 .o 0.1250 0.0 0'. D 
0.0 0.0 0.0 0.0 0.0 0.1250 0.0 
0.0 0.0 0.a 0.0 0.0 0.0 0.12so 

DET ( X s X )  = ' 0. X9715208OD 07 

D-EPFICIEWCY= 100.0 

AVERZIGE V A E I A I C E  0E COEFFICIENTS= 0.1250 

I - E f Y X C I E R C Y =  100.0 

E A X I B U M  VBBIBNCE Of? F I T T E D  SESPONSE-  0.8750 



DESIGN [ 6. 8. 1) 

A L I A S  MATRIX 

0 
12 9.0 
13 0.0 
1u 0.0 
15 0,0 
16 0.0 
23 0.0 

2 5  0.c 
2 b  0.0 
3 l  0. c 
35 0.0 
36 0.c 
45 0,  u 
U 6  0.0 
56 0.0 

+2G 0 . 0  

1 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0-0 
0 . 0  
0.0 
0.0 
0.0 
0.0 
1.0000 
0.0 

- Y.0000 

ss -0.0 2.0000 

2 

-7 .oooo 
a. o 
Q. 0 
0.0 
0 . 3  
9.3 
0 . 0  
0.0 
0.0 
9.9 
0 . 3  
0.0 
1.0000 
0.0 
0.0 

2.0300 

3 - 1.0000 
0.9 
0.0 
0.0 
0.0 
0.0 
C. 0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 - 1.0009 

2.0000 

4 
0.0 
0.0 
0.0 
0.0 
1 .coo0 
0.0 
0.0 
1.0000 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. c 
2. GOO0 

5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.0000 
0.0 
0.0 
0.0 
0.0 
. l  .oooo 
0.0 
0.0 
0.0 

2.0000 

6 
9.9 
0.0 
1.0001) 
0.0 
3.0 
0.0 
0.0 
0.0 
a. 0 
0.0 

0.0 
0.0 
0.0 
0.0 

- 1  0000 

2.0000 

C 6 N P C U B D I N G  I N C E X =  2.0000 



1. - 1. 1. -1. 1. 1 .  
1 .  - 1. - 1. 1. - a .  - 1 .  

- a .  1. 1. 1. -1. 1. 
1. 1. - 1. 1. 1. 1. 
1. 1. - 1 .  -1. -1.  1. 

-1. 1. -1 .  -1.  1. - 1 .  
- 1 .  - 1. - 1 .  -1 .  -1 .  1. 

1. 1. 1. -1. . -s  I .  -1 .  
-1. - 1 .  1. 1. 1. -1. 

0.8669 
0.9667 
0.8567 
U.8000 
0. (6667 
0.8669 
0.3000 
0.8000 
0.6567 

X ' X  l N V B R S E  

0 .1167  -0.0083 -0.3083 0.0083 0.0063 0.0083 -0.0053 
-0.0083 0.116'9 -0.0083 0.0083 0.0083 0.0083 -0.0083 
-0,0083 -0.0083 0 .1167  0.0003 0.0083 0.0083 -8.0083 

o . o a m  0.00~3 0.00~3 0 . 1 1 ~ 7  -0.0063 -0.0083 0.0083 
0.0083 o.ooaa 0.0083 -0.0083 o . i i s 7  -0.0083 0.0083 
0,0083 0.008.3 0.0083 -0.0083 -0.0083 a. 1167 0.0083 

-0,9083 -0.0083 -0.3083 0.0083 0.0083 0.0033 0.1167 

TET f X c X )  = 0.3932 160900D 07 

D - E F F I C I E N C Y =  9 7 . 2  

A V E R A G E  VABIBNCE OF C C E P F I C T E N T S =  0. 1167 

I - E E E I C L E N C Y =  35.2 

MRXIBUH V A B I A Y C E  OF TITTED RESPCNS3= 0.8667 



EE 69 't 

&EEL -e- 
€EEL '0- 
L990 '0 
L990 '0 - CFFl 'C 
FEEL '0 
€EEL '0 
€EEL '0- 

EEEl '0- 
€EEL '0 
L998 '0 
EFEL '0- 
EEEl '0- 
L990 '0 

9 

~998 -0 

EE69 * C 

EEEL'O 
FEE 1 '0 
L990 * 0- 
l.990'0 
€€EL '0- 
EFFL '0- 
EEEL'O- 
FEEL '0 
€&Et "0 
L998 '0- 
L9Y8'0 
E€€ I '0 
F'EEL'O 
EEEL -@ 
L990 '0- 

i; 

Ef69.1 

EFEC '0 
E€ f3 '0 
L 990 = 0- 
L990'0 
EEFt '0- 
E€Fl '0- 
L99a-p 
&EEL '0 
&F&l '0 
€EEL '0 
€€Et '0- 
€€EO '0 
&&EL '0 
LY99'0- 
L 990.0 - r) 

EF69-1 

FEEL '0 
€EEL '0 
L990 '0- 
L990 '0 
fEEL '0- 
CE€L '0- 
EEEl '0- 

€OF1 '0 
EFEL '0. 
€EEL '0 - FEEL '0 
L998.0- 
E€€L '0 
f.990'0- 

€ 

~9913 -0- 

EE69.1 =Xii3#X 3NIaNn33N33 

E€69'L 

EEEL '0- 
L99P'O 
L990 '0 
L990 0- 
L995.O- 
ECE 1 '0 
EEE 1 '0 
EECt '0- 
EEFL'O- 
€E€ L'O- 
€EEL '0 
€E€ L'O- 
EEEC"0- 
F€Fl'O- 
L99U '0 

2 

FF69 * I L9ZZ '0 

L998 '0 
EEfl '0- 
L990 '0 
L990'0- 
E€-€l '0 
L998.0- 
€EEL '0 
CF€L '0- 
E~:El'O- 
€€'EL '0- 
EFFL '0 
EEEl '0- 
€EEL 'O- 
EFEl'O- 
L990-0 

1 

€Eft 'O- 
FEFL '0- 
L990 '0 
L990 '0- 
EfFL '0 
€€€t '0 
€EEL '0 
FEEL '0- 
F€EL '0- 
€E€l 'O- 
€€El '0 
EFEL '0- 
EFEL '0- 
EFFL '0- 
L990 '0 

0 

(1 '6 '9 N9IS3iT 



6 YARIARLES 7 P A R A l Y X T B R S  9 BUNS 

CESIGN HATBIX 

XI1) X f 2 )  X t 3 )  X ( 4 1  XL53 XfbB V A R I A N C E  OF F I T T E D  RESPaNSE 

1. - 1. 1. - a .  -1. 1. 
1, 1. -1. -1. -1. -1. 
1. 1. 1. -1. 1. 1. 

-1. 1. 1. 1. -1. -1. 
-1. 1. -1. 1. 1. 1. 
1. - 1. 1. 1. 1’. -1. 
1. _. 1. - 1. 1. -?. 1. 

-1. - 1. -1. -1. 1. -1. 
-1. - 1. 1. - a .  - a .  1 .  

0.4667 
0.8667 
0. aooo 
0. a657 
0. aooo 

0. a647 

0.8567 
0 .8QQO 

0.6667 

X ’ X  I N V E R S E  

0.1167 -0.0083 0.00~3 -0.0083 0.0083 0.0083 -0.0083 
-0.0083 0.1167 0.0083 -0.0083 0.0083 0.0083 -0.0063 
C.0093 0.0083 0.1157 0.0083 -0.0083 -0,0083 0.0063 

-0.0093 -0.0083 0.6083 0,1167 0.0883 0.0083 -0.0063 
0,0083 0.0053 -0.Q083 0,0083 0.1167 -0.0083 0.0083 
0.0083 O.OD83 -0.0083 0.0083 -0.0083 0.1169 0.0083 

-0.9083 -0.0083 0.90.93 -0.0083 0.0083 0.0083 0.1167 

A V E ~ G E  V A R I A N C E  OF CXEFFICPENTS= 0.116’3 

T - E F F I C I E N C Y =  95.2 



C E S I G N  I 6 .  9 .  2) 

ALIAS H A T R I X  

0 
12 -0. 1333 
13  0 .  1333 
l a  -0 .1333 
15 -0. 1333 
I6 0.0667 
23 -0.C667 
24 3.1333 
25 -0 .c000 
26 -0.0000 
34 0. QOOO 
35 -0.1333 
36 c .  clooo 
45 0.0667 
45 -0.0000 
56 -9.0000 

1 
-0.1333 

0.1333 
-0 ,  I 3 3 3  
- 0 . 1 3 3 3  

0 , 0 6 6 7  
-as0667 
-0.8667 
-0.0000 
0.0000 
0.0000 
0.8667 

-0.0000 
0,0667 - 0,0000 

-0.0000 

S S  0. '1 2 00 4 , 5 8 6 1  

2 
0.1333 
-0.1333 
-0,6667 
0.1333 

--aa 0667 
0 .O667 

vi). 1 3 3 3  
0.0 
0.0000 
0.0 
0 .1  333 

-0.0900 
-0.0667 
0.0Q00 
1.oaoo 
d .e533 

3 
-0. 1333 
0.1333 

-0.11333 
0.8b 67 
3.0667 

-0.0667 
0.1333 
-0.0000 
0.0000 
0.3000 

-0.1333 
0.0000 
0,5667 

-'1.0000 - 0. OOQO 

I * 6533 

4 
- 0 .  E667 
- 0 . 1 3 3 3  
I). 1333 
0. '1333 

- 0.0667 
0 e 0667 

-0.1333 
0.0000 

- 0 . Q O O O  
-0.0000 
0,1333 

-1.0000 
-0.0667 
0.0000 
0.0000 

4.8533 

5 
3.13133 

0.1333 
0.1333 
-0.0667 

0.0657 
-0.1333 
-0.0000 

1 .oooo 
0.0000 
0.1333 

-0. (1000 
-0.0667 
0~0000 
0. 0000 

1.8533 

0.8667 

6 
- 0 . 1 3 3 3  
0.1333 

- 0 . 1 3 3 3  
-0.1333 
0. a467 

0 .1333  
1 .0000 

-0 .0000  
-1 .0000  
- 0 . 1 3 3 3  

0 .0000  
0.0667 
-0.3000 
-o* 0000 
2.1200 

+a. 0667 



CESIGM t 6.10. 1) 

6 V B R I A E L E S  7 P A R A  METERS 10 RUNS 
.% 

CESIGN M A T R I X  

-1. 1. -1. 1. -1. -1. 
1. - 1. 1. 1. 1. 1. - 1. -1. -1. -1. 1. 1. 
1. 1. 1. -1. 1, -1. 
1. 1. 1. 1. -?. 1. 
1. - 1. * 1. -1. -1. 1. 
1. 1. -1. -1. 1. 1. 
1. -1. - 1. 1. 1. -1. 

-1. - 1. 1 .  -1.  -1. -1. 
-1. 1. 1. 1. 1. 1. 

0 .7946 
0.6071 
0.6510 
0.7946 

0,6518 
0.60'11 
0. '7 94 6 
0.7946 
0.6518 

0 . 6 5 1 ~ 1  

X ' X  ElYeaSE 

0.1034 -0.0156 0.0 0.0 0.0 -0.0156 -0.0156 
-0.0136 0.1094 0.0 0.0 0.0 -0.0156 -0.0156 
0.0 0. !I 0.1071 -0 .0179 -0.0179 0.0 0.0 
0.0 0.0 -0.0119 0.1071 -3.0179 0.0 0.0 
0.0 0.0 -0.0179 -0.0179 0.1091 0.0 0.0 

-0.0156 -0.0156 0.0 0.0 9.0 0.1094 -0.0156 
-0.0156 -0.0156 0.9 0.0 0.0 -0.0156 0.1094 

DET ( X p X I  = 0 .  73400329000 07 

C - E F E I C I E N C Y =  95.7 

P.VERAGE V A R I A N C E  OF C 3 X F F I C I E N T S =  0.1094 

T-EFFICIENCY- 92.2  



8Et;E'L 

OOSZ '@ 
0'0 
c 'C 
0'0 
C'C 

0000 - I 0 'C 
0.U 

OSLE '0 
OSZl '0 
oosz "G 
OOSk 'G- 

o '0 
0'0 
0 '6 
9 

LF60'1 

OOSZ'G 
0'0 
0'0 
0'0 
0'0 

0000'0 
0.0 
0'0 

OSZ 9 -0- 
CSZL'O 
OOSC '0- 
OOSZ'O 

0'0 
0'0 
0'0 
Fi 

6htrZ.Z 

0.0 
0000'0 
LSBZ'O 
0000 * 1 
6Zhl '0 

0'0 
6Zbl '0- 
fIILL"0- 

0-0 
0'0 
0'0 
0'01 

LSBZ'O 
6Ztll'O 
EtrtL'O- 

ti 

8L8E * 1 

0'0 
0000 '1 
LSBZ '0 

6Zftl 'G 
C'G 

6Ztll '0 
&S82 '0 

0 *e 
G'G 
0 'G 
O'G 

LSBZ '0 
6Zftl 'G 
LSBZ '6 

E 

OOOG *a 

6bftZ * 1 

0'0 
0000'0 
EtrlL'O- 

0'0 
6211 I '0 

0'0 
6Zh L '0 
L58Z'D 

0.0 
0'0 
0 '0 
0'0 

Ft? 1 L '0- 
6Zti 1'0 
L48Z'O 

Z 

8E60.1 LEtriF '0 ss 

COSL'O- 
0 '0 
0'0 
0'0 
0'0 

0000'0 
0'0 
0 '13 

GSZ9'0- 
OSZl'O 
C(rSZ'3 
e0Ftz-0 

0 '(4 
0'0 
0 '0 
h 

oosz '0 9s 
0'0 9tl 
0'0 str 
0.0 4E 
O"0 SE 

0001>'0- tif 
0'0 92 
0'0 SI 

OSLF'O trZ 
OS21 '0 FZ 
OOSi1'0 91 
OOSZ'Q SL 

0'0 trl 
0 '0 EL 
0.0 ZL 
0 

Lo-r 



CESIGN I 6 . 1 0 .  2) 

6 V A R I b B L E S  7 PARAPlETERS 10  RUNS 

1.. - 1. -1 .  1. -1. - a .  
1. - a .  - 1. - 1 .  1. 1. 

-1.  -1. 1. -1 .  - 1 .  1. 
-1.  1. 1. - 1 .  -1.  -1. 

1. 1. - 1. -1.  1. - 1 .  
-1. - 1 .  1. 1. 1. -1.  
-1. 1. -1. 1. -1. -1 .  

1. 1. 1. 1 .  -1. 1. 
-1. 1. -1. 1. 1. 1. 

1. 1. 1. 1. 1. - 1 .  

0.7946 

0 .6518 
0 . 6 5 1 8  
0.6518 
0.7546 
0 . 6 0 7 1  
0.7445 
0.7946 
0 . 6 0 7 1  

0 .6513 

X ' X  I N V E R S E  

9.1094 0.0 -0 .0154 0.0 -0 ,0156 0.0 0.01 56  
Q-0 0.1071 0.0 0 .0179 0.0 -0.0179 0.0 

-0 .S lSS 0.0 0.1094 0 .0  -8 .0756  0 . 0  0.. 01 56 
0.0 0.0179 0.0 0.10171 9.0 0 .0179  0 .0  

-0 .3156 0.0 -0.0155 0 . 0  s.10901 0 .0  0 .0156 
0.0 - 0 . 0 1 7 9  0.0 0.0179 0.0 0 .1071 0.0 
0.0156 0-0 O.iI155 0.0 0.0156 0 . 0  0 .1094 

DE% ( X @ X )  = 0.73400320000 09 

D- EFFLCI.  BNCY= 95 .7  

A V E R A G E  V A R I A N C E  O F  C O E F F I C I E N T S =  0.1084 

I - E h  F IC I E ICY= 9 2.2 

E A X I M U f l  V B f I A H C E  O F  P I T T E D  R E S 1 O N S E -  0 .8571  



1.09 

A L I A S  f lAT3 IX  

12 
13 
14 
15 
16 
23 
24 
25 
26 
34 
35 
36 
45 
4 6- 
56 

0 
0.0 

-0.3750 
0.0 
0.2500 
0.0 
0.0 
0.2500 
0 . 0  - 0.2500 
0.0 

-0.3750 
0.0 
0.0 

0.0 
-0.2500 

1 
0.2857 
0.0 
0.4286 
0.0 

-0,1429 
0.7143 
0.0 
O.lii29 
0.0 
0.5714 
0.0 
0.2R57 

-0.5714 
0.0 

-0.2857 

SS 0 .5332  1.6327 

2 
0.0 
0.6250 
0.0 
0.2500 
0.0 
.o. 0 
0.2 500 
0.0 

-0 .2500 
0 . 0  

-0.3750 
0.0 
0.0 
0,7500 
0.0 

1.2813 

3 
0.71 43 
0.0 
0.5714 
0.0 
0.1429 
0.2857 
0.0 

-0.1429 
0. d 
0.4286 
0.0 - 0.2857 
0.5714 
0.0 

-0.7143 

2.0612 

4 
0.0 
0.6250 
0.0 - 0 .7500  
0 . 0  
0 . 0  
0.2500 
0.0 
0.7500 
0.0 
0.6250 
0.0 
0.0 

0.0 

2.0312 

-0.2500 

5 
0.2857 
0.0 
-0.57 14 
0.0 

-0.1429 
-0.2857 
0.0 
0.1429 
0.0 
0.5714 
0.0 

-0.7143 
0.428b 
0.0 

-0.2857 

1.6321 

6 
0.0 
0. 3750 
0.0 

-0.2500 
0.0 
0.0 
0.7500 
0.0 
0.2500 
a. 0 

-0.6250 
0.0 
0.0 
0.2500 
0.0 

1.2813 

C O N F O U N D I N G  I N D E X =  1.6531, 



11601 '0 9510 '0 0'0 O'P ?SLC*P 0.0 win-0- 
YSLO'O 17601 '0 6'0 0'0 SSLO'C- 0.0 ?SLijvi2 

0'0 0'0 LLOL'O 6LLC'C O'C 6LlC-0 e-c 
0'0 0'0 GLLO'O LLOL'O G'O 6ILP'P- 0'0 

9SLO'O 9SLC'Q- C'O 0'0 b6OL'O 0-c 9SLO'O 
0 '0 C'C 6FLO'C 6LLC'O- n-o ILOI-L! 0'6 

9SLO'O- 9SLO'O O'C 0-c 9stc-0 c'c t7;01'0 

1. L 



A L I A S  M A T 3 i X  

0 
12 0. 125U 
'13 0. 2.500 
14 -0.1L50 
15 0.0 
16 -0. 1250 
23 0.0 
24 0. 1250 
25 0.1250 
26 -0. 1250 
3 4  0.Q000 
3 5  0.0 
3 6  0.0 
4 5  0. 1250 
46 0.0 
56 -0.1250 

1 
-0. 1429 

f l * O  
0.0 

-0.2857 
0.1429 

-0,1429 
0.1429 
0.1429 

- 0 . 8 5 7 1  
0.0 
0.7143 
0.0 
0.1429 

-0.0000 
0.0 

s s  0. Id75 1.4490 

2 
-3,1250 
-0;25GO 

0. I 2 5 0  
0 . Ct 

0.0 
-0.8750 

- 0.1250 
-0 e 1250 

0 .1250  
0.0000 
0.0 
c.0 
0.8750 
0.0 
0 . 1 2 5 0  

1.6875 

3 
- 0 . 1 4 2 9  

0.0 
0.0 
0,7143 
0.1429 

-0.1429 
0.1429 
0.1429 
0. 1429 
0.0 

- 0.2857 
0.0000 
0.1429 

-1.0000 
0.0 

1.7347 

4 
0.1429 
0.0 
0.0 
0.2857 

- 0.7429 
0.1429 

-0 .1429  
0.857 1 

- 0 . l U 2 9  
0.0 
0.2657 - 7.0000 

-0 .1429  
0.0000 
0.0 

2.0204 

5 
-0.1250 

0.7500 
0.1250 
0.0 
O.li.50 
0.0 
0.8750 

-0.1250 
0.1250 
0.0000 
0.0 
0.0 

-0.1250 
0.0 
0.1250 

1.4375 

6 
-0.8750 

0.2500 
-0. 1250 

0.0 
-0. 1250 

0.0 
0.1250 
0. 1250 

-0. 1250 - 1 * 0000 
0.0 
0.0 
0. 1250 
0.0 

-0. 1250 

1.9375 

C C I i P O i J N P i N G  I H C E X =  1.7111 



DESIGN 6.11. 1) 

5 V A R I A E L E S  7 P A R A M E T E R S  1 1  R U N S  

CES'LGM P t A T E I X  

-1.  r. 1. -1. 1. -1. 
-1. 1. - 1. 1. - a .  1. 
1. - I .  -1. -1. - 7 .  -1. 
1. - 1. 1. - a .  -1. 1. 

-1. - 1. 1. 1. -1. -1. 
1. 1. 1. 1. 1. -1. 
1. -1. 1. 1. 1. 1. 

-1. - 1. - 1. I. 1. 1. 
1. 1. -1 .  - 1 .  1. 1. 
1. 1. - 1. 1. -1. -1. - 1. - 1, -1. -1. 1. -1. 

0.7333 
0.7333 
0.6000 
0. 733.3 
0.6000 
0.6000 
0.6000 
0.6000 
0.6000 
0.6000 
0.600Q 

X'X INVERSE 

0.1000 -0.0167 0.0157 0.0167 -0.016/ -0.0167 0 .0167  
-0.0167 0.1000 -0 .0147 -0.0167 0.0167 0,0167 -0.0167 
0.0164 -0,0167 0.1000 0.0167 -0.0167 -0.,0157 0.0167 
0.0767 -0.0167 0.0167 0 . 1 0 0 ~  -0.0167 - 0 . 0 9 b 7  0.0167 

-0.0157 0.0167 -0.0167 -0.0167 0.1000 0.0167 -0.0167 
-0.01t17 0.0167 -0.0167 - 0 . U l b i  0.0967 0.10C)O -0.0167 

0 . 0 1 6 7  -0.0167 0.0167 0.0167 -C.Olh i -0.0167 0.1000 

C E T / X a Y 1  = 0.1492992000D 08 

C-ETFXCCFNCY= S6.3 

AVLHAGE V A R I A N C E  OF C O E F Y i C l E N f S =  0. 1000 

% - L € $ I C I : N C Y =  90.9 

i3AXILnllM V A R I A N C E  CF FITTED RESPONSE= 1.4QQO 
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FEES '0- 
oooz -0 
L99Z '0 
FEES "0- 
oootr '0 
OOOQ '0- 

9 

lL6f 'L 

L990' 0 
L99Z '0 
oooz-0 
Ef EL '0- 
L990'0- 
0003 '0 
L991.0- 
oooz '0- 
00 0 c, '0- 
Ff E§ 'C 
€EE 1'0 
L990'0 
EEES'O 
L99Z '0 
OOOR'O 

s 

1 L6E '1 

OOOt1'0 
L990.0- 
0002 '0 
FEEL "0- 
LSJSZ'O 
L99Q'O 
L?9Z * 0- 
€fES '0- 
L990 '0- 
FEEL '0- 
EEEF; '5- 
000tl'O 
0002'0 
LQ92 '0 
OOOtr"0 

fi 

IlhE'l 

oootl '0 - L 99z 'O- 
&&El '0 
GCOZ'O- 

L990 '0- 
ooot, '0 - FE&G;'O 
Lo9Z-O- 
0001 '0- 
FE€G '0 
L992 '0 
ECEL '0 
L990 '0 
ooorr '0 - 

E 

~9 go '0 

e 16E'L 

OCOR'O- 
L99Z'O- 
FEET: '0- 
€EES'O- 
000,'O 
000tr'O- 
L990'0- 
0002"0 
L990'0 
000Z'O- 
FEEL '0- 
l.992'0 
EEEL'O 
L991.0- 
L990.0- 
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030fi-0 
OOOtl'O- 
EEES '0 
F€ES '0 
L9SrZ.O 
003tr'O 
L99Z.0- 
E€€[ '0 
L99Z.O 
E€€[ '0- 
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L990 '0 
oooz '0 
L990'0- 
f.990-0 
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L990'0- 95 
LCLQO '0 9rr 
0007'0- Str 
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L990 '0 Sf 
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0007'0- FZ 
oooz '0 91 
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0 



1 1 ' '  

C E S I G N  I 6 . 1 2 .  1) 

6 V A R I A B L E S  7 P A R A  METERS 1 2  RUNS 
4 

GESIGE M A T R I X  

x ( 1 )  x(2) x13)  xi41 x ( 5 )  x(6) VARIANCE OF F I T T E D  RESPONSE 

- 1 .  1 .  1 .  1 .  1 .  1 .  
- 1 .  - 1 .  - 1 .  - 1 .  - 1 .  - 1 .  
- 1 .  1 .  - 1 .  1 .  1 .  - 1 .  

1 .  1 .  - 1 .  - a .  1. - 1 .  
1. - 1 .  - 1 .  1 .  1 .  1 .  
1 .  -1 .  - 1 .  1 .  - 1 .  1 .  
1.  1.  1 .  1 .  - 1 .  - 1  

-1 .  1. -1 .  - 1 .  - 1 .  1 .  
1 .  1 .  1 .  - 1 .  - 1 .  1. 

-1.  -1.  1. - 1 .  1. 1. 
-1.  - 1 .  1 .  1 .  - 1 .  - 1 .  

1 .  -1.  1 .  - a .  1 .  -1. 

0 . 5 8 3 3  
0 . 5 8 3 3  
0 . 5 8 3 3  
0 5 8 3 3  
0 . 5 8 3 3  
0 . 5 8 3 3  
0 . 5 9 3 3  
0 . 5 8 3 3  
0 . 5 8 3 3  
0 . 5 8 3 3  

0.5833 
0 . 5 8 3 3  

X ' X  INVERSE 

0 . 0 8 3 3  0.0 0 . 0  0 . 0  0.0 0.0 0 .0  
0.9 0.0833 0.0 0.0 0.0 0 . 0  0 . 0  
0.9 0.0 0 . 0 8 3 3  0.0 0 . 0  0.0 0.0 
0. I)  0 . 0  Q.0 0 . 0 8 3 3  0 . 0  0 . 0  0.0 
0.0 0.0 0.0 0.0 0 . 0 8 3 3  0.0 0 . 0  
0 . 0  0.0 0.0 0 . 0  0.0 3 . 0 8 3 3  0.0 
0 . 0  0 . 0  0. c 0.0 0 .0  0.0 0.0933 

EET fX'X) = 0 . 3 S 8 3 1 8 0 8 0 0 D  O P  

D - E P F I C L E N C Y =  100.0 

kVE2AGE V A R I A N C E  Of C O E P P I C I E N I S -  0.0833 

T - E f F I C I E N C Y =  100.0 

F A X I S 1 U M  V A R I A N C E  O F  FITTED i?ESPONSE= 0 . 5 8 3 3  
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FFEF'O 
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CESlGN I 6.13. 1) 

6 B A R I A  El. 3s 7 PARAMETERS 

DESIGK HATRXX 

X ( 1 )  X12) X ( 3 1  X(4)  X ( 5 1  X ( 6 )  

1. 1. - 1. 1. -1. 1 .  
-1. - 1. - 1. 1. -1.  -1.  

1. -1. 1. -1 .  1. -1.  
1. 1. -1. -1. 1. -1 .  
1. 1. 1. 1. -1. -1. 

-1. - 1. 1. -1. -1. 1. 
-1 .  1. 1. 1.  1. 1 .  

1. -1. -1. -1.  -1. 1.  
-1.  1. 1. -1. - 1 .  -1.  
-1. - 1. -1. -1.  1. -1. 

1. -1 .  1. 1. 1. 1. 
-1. 1. -1. -1 .  1. 1. 
-1 .  - 7 .  -1. 1. 1. -1 .  

X ’ X  INVERSE 

0.0789 0.0044 o.0044 0.0044 
0.0044 0.0789 -0.0044 -0,0044 

13 BUNS 

VA3XANCE OF FITTED RESPONSE 

0.5439 
0.5439 
0.5439 
0.5433 
0.5439 
0.5789 
0.5789 
0.5789 
0.5789 
0.3684 
0,5789 
0.5439 
0.4737 

0.0044 -0.0044 0.004Y 
-0.OQ4Y 0,0044 -0.0044 

0.0044 -0.0044 0.0’189 -0.0044 -0.0044 0.0044 -0.0044 

0.0044 -0.0044 -0.004ta -0.004Y 0.0789 0.0044 -0.0044 
-0.0044 0.0044 0.0044 0.0044 0.0044 0.C789 0.0044 

0.0044 -0.0044 -0.QQ44 -0.0044 -0.0044 0.0044 0.0789 

0.0044 -0.0044 -0,0044 0,0789 -o.ooctu. 0.0044 -0.0044 

CET (X*XI = 0.56733696QOD 0 8  

D-EPFICI SNCY= 9 8.6 

AVEBhGE VARIANCE O F  COEFFICIENTS= 0.0789 

T - E F F I C I E N C Y =  9 7 . 4  

M A X i P i i M  VARIklCE OF PI’SIEU RESPONSE= 0.5789 



A L I A S  f4BTRlX 

12 
13 
t u  
1s 
16 
23 
24 
25 
24 
34 
35 

- 36 
45 
46 
56 

0 
0.05 26 
0.0175 
a. 1228 

-0.0877 
0 . 0 5 2 6  
0. C526 
0.1228 

-0.0877 
0.0 175 
0.0877 

-0.0175 
0,0175 

-0.0526 
0.0877 

-0.0175 

1 
-0.0526 
-0.0175 
-0.1228 

0.0877 
-0.0526 
-0.3860 

0.2105 
-0.2456 
-0.3509 
0.2456 
0.3509 

-0.3509 
-0,2807 
0.2456 

-0,3158 

ss 0 . 0 7 3 6  C. 9508 

2 
-0.0526 
-0.3509 

0 .2105  
-0.2456 
-0,3860 
-0.0526 
-0 .1228  
0.0877 

-0.0275 
0.2a.56 

-0.3138 

- 0 . 2 8 0 1  
0.2456 
0.3504 

0.9508 

-0.3509 

3 
-0.3863 
-0 .0175 

0.21 05 
0.4211 

-0.3860 
-0.0526 

0.2105 
-0.2456 
-0.3509 
-0.0897 

-0 .0175 
0.3860 
0.2456 
0.3509 

1.0911 

0.0175 

4 
0 .2607  
0 .3158 

-0.1228 
-0.2456 
.0.2807 
0.2807 

-0.1228 
-0.2U56 

0 . 3 1 5 8  

0.3509 
0 .3158 
0.0526 

-0 .0877  
3.3509 

0.9508 

-0.0877 

5 
-0.2807 
0,3509 

-0 .210s  
-0.0877 
-0.2807 
-0.2807 
-0.2105 
-0.0877 
0.3509 
0 . 4 2 1 1  
-0 .) 0 1 75 
0.3509 

-0.0526 

-0.0 175 

1.0677 

0 .4211  

6 
-0,3860 
-0.3509 

0.2105 
-0.2456 - 0 . 0 5 2 6  

0.2105 
0.4211 

-0 .0175 
0.2456 
0.3509 

-0.0175 
0.3860 

-0,0877 
0.0175 

1.0911 

-0.3860 

C G N F C B N D I N G  I N C E X =  1.0 I70 



CESiGN ! 6 . 1 3 .  2 )  

6 V A R S B E L E S  7 PARAMETERS 
4 

D E S I G N  PIATRZX 

-?. -1.  - 7. 1. 
1. 1. ?. -1 .  
1. - 1 .  - 1 .  - 1 .  
1. 1. 1. 1. - 1. 1. 7 .  - 1 .  
1. 1. - 1. 1. 

- 1. 1. *. 1. 
1.  - 3 .  1. 1. 
1. - a .  1. - 1 .  
1. 1. -1. 1. 

-1 - 1 .  - a .  - 1 .  
-1. -1.  1. 1. 
-1 .  1. - a .  - 1 .  

- a .  1 .  
1. 1. 

-1 .  -1.  
1. - 1 .  

- 7 .  - 1 .  
-1. 1. 
- 1 .  - a .  

1. -1 .  
- 1 .  1. 

1. - a .  
1 .  -1 .  
1 .  1. 
1 .  1. 

13 HUNS 

V A R I A N C E :  OF FITTED R E S P O N S E  

0 . 5 b 3 9  
0.5439 

0.3684 
0.5789 
0.5789 
0.5439 
0.Y737 
0.5789 
0 .4737 
0.5789 
0.5789 

0.5789 

0,5789 

X B X  I N V E R S Z  

0.0789 - O . O O Q Q  -0.0044 -0.0044 -0.004ls -0.004~ 0.00~4 
-0.00164 0.0789 -0.0044 4 . 0 0 4 4  -0,00114 -0.0044 0.0044 
-0.0044 -0.0044 0.0789 -0.00144 -OoOOls4 -0.03QY 0.0044 
-0.0044 -0.0044 -0.0044 0.0789 -0 .OOGY -0.0044 0.0044 
-0.0044 -0.0044 -0.0044 -0.0044 8.0789 -0.OOQ4 0.0044 
-0.004Y -0.OOQ3 -0.004Y -8.0044 -0,0094 0.0789 0.001EU 
0.OQ4c 0.0044 0.0044 G.OOa4 O . 0 O U U  0.0064 0.0383 

A V E R A G E  V A R Z A N C E  CE C O E P F I C T E N T S =  0 .0489  

T-EFFICIENCY: 9'7.4 

I A X I E U R  W A B l A l C E  OF PITIED RESPONSE= 0.5783 



ALIAS M A T R I X  

0 
12 0.0526 
13 o.iIe77 
1 4  0 . 6 1 7 5  
15 -0.0175 
16 -Ci.0524 
23 0.0877 
2 4  0.0526 

26 -0,5526 
34  0.0526 
35 0.0526 
36 -0.0526 
45 0.0175 
45 0.0175 
56 -0.0526 

25 o.ca77 

1 
0.0526 
0.0877 
0.0175 

-0.0175 
-0.0526 
-0.2456 

0.3860 
0.4211 
0 . 2 8 0 3  

- 0 . 2 8 0 7  

0.2807 
0.3860 

0.3509 
-0.3158 
-0.3860 

2 
0.0526 

-0.2456 
0.3509 
0.3158 
0,2807 

0.0526 
0.0877 
-0,0526 

-0.2007 

- 0 . 3  158 
- 0 . 3  158 
0.2839 

o . o m  

-0.2807 

-0.3860 

3 
-0.2807 

0.0877 

0.3158 
0.2807 

. 0.OE77 - CI. 2807 
-0.2456 
-0.3860 

0 . 0 5 2 6  
0.0526 

-0.0526 
0.3509 

-9.3158 
0.2807 

-0.33 58 

4 
0.3860 

-0.2456 
0.0175 
0.3158 - 0.3860 

-0.2456 
0.0526 

-0.2456 
-6.3860 

0.0526 

-0.3860 
0.0175 
0.0175 

-0.3860 

0.3860 

5 
0.3860 
0 .4211  
0 . 3 5 0 9  

-0 .0175 
-0.3860 
-0.2456 
-0.2807 

0.0877 
0.2807 
0 . 3 8 4 0  
0.0526 
0.2807 
0.0175 

-0 .3758 
-0 L 0526 

6 
0.2807 
0 .2456 

-0.35'09 
-0.3158 

0.0526 
-0 .4211 
-0. 3850 

0.2456 
0 . 0 5 2 6  

-0 .3860 
0.2807 
0.0526 

-0.3509 
-0.0175 

3 . 0 5 2 6  

ss 0.0465 1.1576 0.9705 0.9705 1.1810 7.1576 1.1108 

C O N F C U N U I N G  INLEX= 1.0913 
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D E S i G N  I 6.13. 3 )  

6 V A R i A B L E S  7 R A R A U E T E B S  1 3  R U N S  

CESIGN M A T R I X  

x ( 1 )  x f ? )  x f 3 )  x i 4 1  x ( 5 )  X ( 6 )  ' V A R I A N C E  OF FITTED RESPONSE 

- 1 .  1. 1.  -1.  1. 1. 
-1.  - 1. 1. -1. 1. -1 .  
- 7 .  1. - 1 .  1 .  1. -1. 

1. - 1. 1. -1 .  1. - 1 .  
- 1 .  1. 1. 1. -1. - 1 .  
-1 .  - 1. -1 .  1. I .  1. 

1. - \ .  -1 .  1. 1. -1. 
1. 1. - 1. - 1 .  - 1 .  1. 

- 1 .  - 1. -1. -1 .  -1.  1. 
-1. - 1. 1. 1. - 1 .  -1 .  

1. 1. - 1 .  - 1 .  -1 .  - 1 .  
1. - 1. 1. 1. - 1 .  1. 
1. 1. 1. 1 .  1. 1. 

Y'X I N V E R S E  

0.5789 
0 4737 
0.5439 
0.5439 
0. srd39 
0.5439 
0.5439 
0.4737 
0.5789 
0.4737 
0.5439 

0.5789 
0 . 5 9 8 9  

0,0789 0.0044 0.004b -0.0044 -0.0044 -0.0044 0.004U 
0.00114 0.0789 -0.0044 0.d044 0.0044 0,90414 -0.0044 
0.0044 -0.0044 0 . 0 9 8 9  Q D 0 0 4 4  0.0044 0.0044 -0.0044 

- 0 * 0 0 4 4  0.004LI 0.0044 0.0789 -0.0044 -0,0044 0.0044 
-0.0044 0.0044 0.0044 -0.0044 . 0.0789 -0.OOU4 0.00921 
-0.0044 0.0044 0.0044 -0.0044 -0.004~. 0.0789 0.0044 

0.0044 -0.0044 -0,0044 O . Q O Q ~ ~  0.0044 0.0044 0.0789 

DET I X ' X )  = 0.5673369600D 08 

D - E Y F I C I E N C Y '  9 8.6 

A V E B A G E  V A a I A N C E  O €  C O E E F I C I E N T S =  0.0789 

T- EPPICZENCY= 97.4 

MAX.IPIBl4 V A a I A N C E  OF FITTED RESPONSE= 0 , 5 7 8 9  
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0 
12 0,1228 
13 -0.0877 
li, -0.0877 
15 -0. 1228 
16 0.0526 
23 -0.0877 
24 -0 .1228 
25 -0.0877 
26 0 . 0 5 2 6  
34 0.1579 
35  0.1579 
36 -0.0526 
45 0.1579 
46. -0.  on77 
56 -0,0377 

1 - 0.1228 
0.0877 
0,0877 
0.1238 

-0.0526 
-0.2456 
-0.2 105 
-0.2456 

0.2807 
0.1754 
0.1754 
0.3660 
0.1754 
0.4211 

-0 .2456 

2 
-0.1228 
-0.2455 
-0.2456 
-0.2105 
0.2M07 
0,0877 
0 .1228 
0 . 0 8 7 7  

-0 .0526 
0.1754 
0.1754 
0.3860 
0.1754 

-0.2456 
0.4217 

SS 0. 1745 0.971O 0.7910 

COHPOUWDIIiG I N D E X =  1.1336 

3 
-3.2105 - 0.0377 

0.2456 
0 , 2 1 0 5  
0.3860 - 0,0877 
0,2105 
0.2456 

0.1579 
0.1579 

-0,0526 

0.2456 
0.2455 

1.449u 

0.3~360 

-0 .8421 

4 
-0 .2105 

0.2455 
-0.0877 

0.2105 
0; 3860 
0.2456 

-0.1228 
0.2456 

-0.2807 
0.1579 

-0.8421 
0.2907 
0.1579 - 0.0877 
0.2U56 

1.4260 

5 
-0.21135 
0.2456 
0.2456 

-0,1228 
-0.2807 

0.2456 

-0.0877 
0.3860 

-0 .8421 
0.1579 
0.2807 
0.1579 
0.2456 

-0.0877 

I .4260 

0.2105 

6 
0.2105 
0.4211 
0 .4211  

-0.2705 
-0.0526 

0.4211 
-0.2105 

0.4211 
-0.0526 

0.1754 
0. 175Y 
0.0526 
0. ‘1754 
0.0877 
0,0877 

0.9581 
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K (11 

- 1 .  
1. 
1.  

-1. 
1. 
1. 

-?. 
- 1 .  

1, 
1. 

-1. 
1.  

-1. 
-1 .  

- 1 .  -1 .  &I. 1. 1. 
1, t .  -1. 1. -1. 
1. - 1. 1. 1. -1. 

- 1 .  1. - 1 .  1. -1. 
1. -1. -1 .  1. 1 .  - 1. I .  1. 1. 1. - 1. -1. 1. 1. -1. 
1. 1. 1. - 1 .  1. 

- 1. -1. -1 .  - 1 .  - 1 .  - 1. 1. 1 .  - 1 .  - 1 .  
1. -1. - 1 .  - a .  -1. 

- 1 .  -1 .  -1. - 1 .  1. 
I .  - 1. 1. - a .  1. 
1. 1. - a .  -1.  1 .  

VW8iTAWCE Q f l  F I T T E D  RZSPQNSE 

0.5000 
0.5407 
0.54016 
0.5407 
0.5000 
0.5407 
0.5407 
0. YLdO'l 
0.Q667 
0.5407 
0.4667 
0 .  so00 
0 .  U407 
0.4407 

X'X I N V Q F S E  

0.37'41 0.0 0.0 0.9093 0.0093 0.0 0.0 
0.0 3.0750 0.0003 0.0 0.0 -0.0003 0.0083 
0.0 0.0083 0.0750 0.0 0.0 0.908 3 -0.0083 
0 . 0 0 9 3  0.0 0.0 0.07141 -0.0093 0-G 0.0 
0.0(1'93 0.0 0.0 -0.0093 0.0741 0.0 0.0 
0.0 -0.0083 0 . 0 0 8 3  0.0 0.0 0 . 0 7 5 0  0 .0083 
0.0 0.0083 -0.0083 0 . 0  0 .o 0.0083 0.0750 

CET (X 'b? =: 0.8857952009D O R  

n-za?zcizNcY= 9%. 7 

A V E 9 A G E  VAB'I?.NCE' OF COEFFICIENTS= 0.0746 



1.23 

12 
13 
14 
15 
16 
23 
2 4, 
25 
26 
34 
35 
36 

\ E 
56 

S5 

ALIAS ClATRIX 

0 
-0.1852 
0.8373 
0.0379 
0. 1852 

-0,1852 
-0.0370 
-0,0370 
- 0 .  Id52 
0.4852 
0 ,  '1111 

-0.0370 
0 . 0 3 7 0  

-0.0370 
0.0370 

-0 ,  Id52  

1 
-0.1333 
-0 .2000 
-0.2000 

0. a333 
-0.0667 
-0,1333 
-0, 1.333 
0.8667 

-0.2667 
0.3333 
0.1333 

-0.1333 
0.1333 

-8.1333 
0.2667 

2 
0.1333 

-0,1333 
-0.1343 
0.8667 

-0 m 24tJa 
-0.2 000 
-0" 2000 

0 .1333  
-0.0667 
-0 -3333 
-0.1333 

0.1333 
- 0 -  1333 
0.1333 

-0.2667 

1.2311 

3 
-0 .1Y81 
-a. 03-70 
0.. 2963 
0.1431 

-0.1489 
. 0,0370 
-0,2963 
-0.1481 
0.7481 

-0.1111 
0,0370 

-0" 0370 - 0.2963 
8.2963 

-0,1481 

0.5007 

4 
-0,148l 
0.2963 

-0.0370 
0.11181 

-0.l48i 
-0,2963 

0,0370 
-0 348 1 

6 -  iris1 
-0. a l l 1  
-0.2963 
8.2963 
0 0370 

-0 .I 037 Q 
-0 .1481  

0.5007 

5 
0.8667 
0. 13.33 
0.1333 
0.1333 
0.2667 

-0. 1333 
-0.1333 
-0.1333 
-0.2667 
-0 .3333 
-0.2000 
-0- 1333 
-0.2000 
-0.1333 
-0.0667 

1.231'1 

6 
-0'. 2000 
-0. 133.3 
-0. 9333 
0.2000 
0.0667 
0.1333 
0.1333 
-Q.2000 
-0.0667 
0.3333 

-0.1333 
-0.2000 
-0. 1333 
-Q.2000 
8.0667 

0 .4311  

C O H F O U N D J N G  I N C E X r  0,8543 
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DESIGN I 6.14. 2 )  

6 V A R I A B L E S  7 PARAMETERS 1 4  BUWS 

-1. 1. 1. -1 .  1. 1 .  
1. 1. -1 .  1. -1.  - 1 .  
1. -1. 1. 1. - 1 .  1. 

-1. - 1. 1. -1. -1 .  -1.  
1. 1. 1. -1 .  -1 .  - 1 .  

-1. -1. -1 .  1. 1. - 1 .  
- 1 .  - 1. -1. - 1 .  -1.  1.  

1. -1. -1. -1. 1. - a .  
- 1 .  7. - a .  -1. - 1 .  1. 

1 .  1. - a .  1. 1. 1. 
1. - 1 .  1. - 1 .  1. 1. 

-1. I .  1. 1. 1. - 1 .  
-1. -1 .  1. 1. - 1 .  1. 
4. 1. -1. -1 .  1. 1. 

0.5008 
0.5407 
0 a 5407 
0.4407 
0.5741 
0.5711 
0.4567 
0.5407 
0.5000 
0.9487 
0.5000 
0.5742 
0. 4407 
0.3667 

X ' X  INVEESE 

0.0741 0.0 0.0 0 .O 0.0093 0.0 -0.0093 
0.0 0.075Q -0.0083 0.0083 0.0 -0.0083 0.0 
0.0 -0.0083 0.0730 0.0083 0.0 -0.0083 0.0 
0.0 0.0083 0.0083 0.0750 * 0 . 0  0.0083 0.0 
0.QC93 0.0 ' 0.0 0.0 0.07111 0.0 0.0093 
0.0 -0,0083 -Q.0083 0.0083 0.0 0.0750 0.0 

-0.OC93 0.0 0.0 0.0 0.0093 0.0 0.074 1 

SET ( Y ' X I  = 0.8957952000D 88 

C - B P E I C I E I C Y =  97.7 

A V E R A G E  V A R I A N C E  OF COEFFICIENTS= 0.0746 

T - E F F I C I E H C F =  95. 7 

MBXTM'JH VAHIANCE OF FITTED RESPONSE= 0.5741 



fESIGN ( 4.14. 2 )  

ALIAS MBTBIX 

0 
12 0. 1852 
13 -0.1852 
14 -0.0370 
15 0.0370 
16 0.0370 
23 -0 .1?11 
24 0 . 0 3 9 0  
25 0.1111 
26 -0. 0370 
34 -0.Ci370 
35 -0. 3852 
36 0.0370 
4s O.C.370 

56 -0.C370 
46- -0. 1 1 1 1  

ss 0. 1523 

1 
0.0000 
0.0667 

-0.1333 
0.0 
0.1333 

-0.3333 
0 .  1333 

-0.2667 
-0.266: 
-0.1333 
-0.3333 
0.2000 

-0.40&7 
0.4bOO 
0.4000 

1.0178 

2 
0.0000 

-0.2667 
0.2000 

- 0 , 3 3 3 3  
-0.2000 
0,0000 

-0.2000 
0.0667 
0.0657 

- 0 . 1 3 3 3  
0.3333 

-0 .4667 
0.2000 

-0 .2667  
0.4000 

0.92a9 

3 
- 0 . 3 3 3 3  
-0.0667 - 0.2000 
-0.3333 
0.2000 

-0.0000 
-0. 1333 

0.2667 
-0.4000 
-O.%O(iO 
-0.0008 

0.1333 
- 0.20uo 

0.2665 
0.2667 

0.7956 

4 
0.1481 

0.0370 
-0.3704 
0.2963 

-0.2222 
-0.0370 
0.2222 

-0.2963 
0.0370 

-0 .1U81 
0 .2963 - 0.037 0 
0 . 1 1 7 1  

- 0.296 3 

0.6708 

-0.  14a 1 

5 
-0.3333 
-0.2667 
-0.4667 

0.0 
0.4667 
0.3333 
0.1333 
0 .0667 
0.4000 

-0.1333 
0.0000 
0.2000 

-0 .1333 
-0 .2667  
0.0667 

1.0622 

6 
-0.1481 
0.1481 
0.2963 
0.370U 
0.0370 
-0.4444 
-0.2963 
0.4444 

-0 .0370 
0.2963 
0. 1481 
0.0370 

-0.2963 
-0.1111 
-0- 0370 

0.967 1 

C C N I O U N D X X G  INCEX= 0.3071 



X ( 1 1  

1 .  
1. 

- 1 .  
1. 

-1 .  
- a .  
- 1 .  
- 1 .  

1. 
1. 

1. 
1. 
1. 

- 1  I .  

X ( 2 f  

- 1  
I. 

- 1 .  - j. 
1. 
1. 
1. 

1. 
1. 
I .  

1. 
- 1. 
-1.. 

-'I 
I .  

- :. 

R 13) 

1. 
- 1. 

1. 
1. 

- 1 .  
1. 

- 1 .  
-1 .  

1. 
- 1. 

1. 
- 1 .  
-1. 
-1. 

x (4) 

- 1 .  
- 1 .  

1. 
-1. 

1.  
-1 .  
-1. 
-1. 

1. 
-1. 

1. 
1. 
1. 

-1. 

X U P  INVERSE 

0.0750 - 0 . 0 0 8 3  0.0 
-0.0083 0.9753 0.0 

X ( 5 1  

- 1  
I .  

1.  
1 .  
1. 

- a .  
- 7 .  
-1 .  

1. 
-1 .  

1- 
1 .  

-1. 
1. 

- a .  

X ( 6 )  

- a .  
1 .  
1 .  

- 1 .  
- 1 .  

7 .  
1. 

- 7 .  
1. 
i . 

- 3 .  
1. 

-1 .  
- 1  I .  

V A R I A N C E  OE F I T T E D  R E S P O N S E  

0.5407 
0.4007 
0.5407 
0.5407 
0.5741 
0.5000 
0 .5407 
0 .5%07 
0.5000 
O.'a40T 
0. 0 6 6 7  
0. &657 
0 . 4 6 6 7  
0.440'7 

0,0083 0 . 0 0 8 3  0.0 0.0 
0.0083 0.0083 0.0 0.0 

0.0 0.0 O.Cj741 0.0 0.0 0 .0093  -0 .0093 
0.0083 0 , 0 0 8 3  0.0 0.0750 -0.0083 0.0 0.0 
o.ast(3 o.ooe3 0.0 -0.0083 0.0'750 0.0 0.0 
0.0 0.0 0 . 0 0 9 3  0.0 0.0 0.0541 0.0093 
0.0 0.0 -0,0093 0.0 0.0 0,0093 0.07Ql 

A Y E B A G E  V A R I A N C E  OF CCEPFPCIEWTS= 0. G745 



CESIGN 6.14. 3 )  

ALIAS H . 4 T R I X  

0 
12 0.0667 
13 -0.1333 
14 -0. 1333 
15 -0.0667 
16 0. OPOO 
23 -0.0667 
24. -0.C667 
25 -0.2667 
26 0. 1333 
34 0.1333 
35 0,0667 
36 0.0667 
45 0.0667 
46 0.0 
56 -0.2000 

1 
0.6667 

-0.1333 
-0.1333 - 0.0667 

0.0000 
0.2667 
0.2667 
0.0667 
8.4667 

-0.2000 
-0.2667 
-0.2667 
-0.2667 
0.3333 
0.1333 

2 
0.1111 
0.2963 
oe.2222 
0.1w31 
0.4444 

-0.1852 
-0.2593 

0.0370 
-0.0370 
-0.2963 
-0.1481 
0.1481 

- 0.7407 
0.1481 

-0.2563 

5s 0.2133 0.7911 1.2634 

C C N Z C U N B I N G  INLEP= 0.9655 

3 
0.2667 
0.1333 

- 0.2400 
-0.2667 
-0.3333 . 0.0667 
-0.2€67 
-0,0667 
0.2000 

-0. '333 
-0.0667 
-0.0667 
0.2667 
0.3333 

-0.1333 

0.6578 

4 
0 . 2 6 6 7  

-0.2000 
0.1333 

-0.2667 
0.3333 

- 0 . 2 6 6 7  
0.0667 

-q.  7333 
0.2000 

-0.  1333 
0,2667 
0.2667 

-0.0667 
0.0 

-0.1333 

1. 1467 

5 
0 . 2 2 2 2  

-0.2963 
-0.2 2 2 2  
0.1852 
0 . 2 2 2 2  

-0. 4481 
- 0 . 7 4 0 7  
-0. 0370 
-0.2 963 
0.2963 

-0. I852 
-0.1481 
-0.2593 
-0.1481 
-0.0370 

1.1646 

6 
0.4444 

-0.3704 
0.2222 

O " 1 1 1 1  
0.1481 
0.0741 

-0.2963 
-0.0370 
0.3704 

-0.1481 
-0. 1852 
-0.0741 
-0. 1852 

0.0370 

0.1481 

0.7695 



X l l i  

1. 
-1. 

1. 
1. 
1. 

-1. 
- 1 .  
-1 .  

1. 
-1. 
- 1 .  

1. 
1. 

-1. 
1. 

X t ~ i  

- a .  
1. 

- 1. 
1. 
1. 

- 1. 
1. 

-1. 
1. 

- 1 .  
- 1. 

1. 
- 1 .  

1. 
- 1. 

CESIGN MATRIX 

X ' X  I N V E R S E  

x ( 3 )  

1. 
1. 

- a .  
- a .  

1. 
1. 

- 1. 
-1. 

1. 
- 1. 

1. 
- 1. 
- 1 .  
- 1 .  

1. 

x ( 4 )  

-1. 
1. 

- 1 .  
1. 

-1 .  
- 1 .  
- 1 .  
- 1 .  

1 .  
1 .  
1. 

- 1 .  
1. 

- 1 .  
1. 

x 15) 

- 1 .  
1. 
1. 
1 .  
1 .  
1. 

.-1. 
- 1 .  
-1.  
-1 .  

1. 
- 1 .  

1. 
1. 

-1. 

X 16) 

1. 
-1 .  

1. 
1. 
1.  

- 1 .  
1 .  

- 1 .  
-1 .  

1. 
1 .  

- a .  
-1. 
- 1 ,  
- 1 .  

15 RUNS 

VAhtlhsCE OF FTTTED R E S P O N S E  

U.&858  
0 . 5'7b 
0.4574 
0.4858 
0. Y858 
0.4858 
0.4894 
0 .. 4 1 49 
0. Y574 
0.5390 
0. 4 5 7 4  
0.4149 
0.5390 
0.4149 
0.41ua 

0 .0691  -0 .OG66 0.0066 0 . 0 0 5 3  
-0.OOb6 0 .0691 - @ . G O 6 6  -8 .0053 

O.CO66 -0 .0066 U . 0 6 9 1  0.0053 
0.0053 -0 .0053 0.0053 0.0509 

-0 .0066 0.0066 -0.0066 -0.0053 
0,OU66 -0.006t- 0 . 0 0 6 b  0.0053 

0.0053 -0.0053 0.0053 -0.01211- 

0.0053 -0 .QOh6 O.OOb6 
-0.CO5.3 0.0065 -9.0065 
0,0053 -0.0066 0.0066 

-0.0124 -0.0053 0.0053 

-0.0053 O . C G 9 1  -Q.O06b 
0.0053 - 0 . 0 0 6 6  0.0691 

0.0709 - 0 . 0 0 5 3  0 .0053  

LETfX'X) = O.lU78492A60D 09  

D-EPF IC;  E N C Y =  9 8.0 

AVERAGE V A h I A H C E  O F  COEFFICIENTS- 0.0697 

I - L € F I C I E N C Y =  95.7 

H A X I E i M  YARIILHCE Or" F I T T E l l  R E S P O N S E =  0 . 7 0 2 1  
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EESIGN i 6.15. 1) 

ALIAS MATXIX 

0 
92 0. 1064 
13 0.1383 
14 0.0319 
95 -0,0957 
16 0. 0106 
23 -0.6851 
24 -0.0851 
25 0. 1064 
26 -0. 1064 
34 0.2234 
35 0.1363 
36 -0. 1277 
45 0.0851 

56 0.0532 
4 6  -o.a:fvi 

S S  a. 1788 

1 

-U. 1383 
-u. 61319 
U, 0357 

-U.0106 
0.0&51 
0.0851 

-0.1064 
0.1064 - 0.2234 

-0.6383 
0.1277 

-0.085 1 
-0.425s 
0.4468 

- 0 . 1 0 6 4  
2 

0.1383 
0.031Y 

-0.0957 
0.0706 

-0 .0US1 
0 .  !064 

- t ) - ' I0b@ 
0.2234 

0 . 1 0 6 4  

-a. 085  1 

0. I 383 
-a. 1277 

0,0851 
- 0 . 0 7 Y S  
I). 3 5 3 1  

0.9395 0.1788 

3 
0,OGtil 
0. 1773 

-0.2411 
-0.609Y 
0.1418 

-0.1348 
0.1986 
0.0851 

-0.0851 
-0.0213 
0. 1773 

-0.035s 
-0. i98b 
-0. 32b2 
0.042b 

0.7419 

4 
o.ctl51 

-@. 15b0 
0.0922 
0 , 0 3 3 7  

-0.5248 
0. 1986 

-0.1348 
0,0851 

-0.0851 
-0.0213 
-0.1560 
-0.3688 
0.1349 

0 - 0426 
0.57 17 

0.b071 

5 

-0.6383 
-0 .. 03 19 

-0.1064 

a. 0957 
0.4894 
0.0851 
0.0851 

-0. 1064 
0.1064 

-0.2234 
-0.1383 

-0.0851 
0.07u5 
-0 e 0532 

0.8065 

a.  1277 

6 
0. 1064 
8. 1383 

-0.4681 
0.4043 
0. b106 

-0 .0851 
-0 .0851  

0. 1064 
-0.1064 
-0. 2766 
0.1383 

-0. 1277 
0.0851 
-0.0745 
0,0532 

a ,  5778 

C C N F O U N D I I I G  INEEX= 0.6360 



CESIGN I 5.15. 2)  

1 5  R U N S  

xi11 

1. 
-1 .  
- 1 .  

1. 
- 1 .  

1. 
-1.  
-1. 

1. 
1. 

- 1. 
- a .  

1. 
1. 
1. 

X f 2 1  

-1. - 1. 
1. - 1. 

- 1 .  
1. 
1. 
1. 
1. 
1. 
1. - 1. 
1. 
1. 

-?. 

GESIGK 

x ( 3 )  

1. - 1. - 1. 
1. 
1. 

- 1. 
1. 
1. 

-1. 
- 1. 
-1. 
-1. 

1. 
1. 

-1 .  

X 141 

-1. 
-1. 

1.  
-1.  

1.  
1. 

-1 .  
1. 

-1 .  
1. 

- 1 .  
1. 
1. 

-1 .  
1.  

x 65) 
1 I .  

- 1 .  
3 .  

- 1 .  
- 1 .  
-1 .  
- 1 .  
-1. 
-1.  

1. 
1. 
1. 
1. 
1. 

-1.  

X 161 

- 1 .  
- 1 .  
-1. 

1. 
1. 

- 1 .  
1 .  

- 1 .  
1. 
1. 
1. 
1. 
1. 

- 1 .  
- -1 .  

V A R I A N C E  OF FITTED R E S P O N S E  

0.55.32 
0.5330 
0.4255 
0.4149 
0.4858 
0.457Q 
0.4149 
0 .4858  
0.5390 
0.4149 
0.4858 
0 .  Q255 
0.4858 
0.4514 
0.4149 

X ' X  INVERSE 

0.0691 -0,0066 -0 .0066 0 .0953 -0 .0053 0.00616 -0.0066 
-0.0056 0.0691 0.0056 -0.0053 0 . 0 0 5 3  -0.0056 3.0056 
-9.0066 0.0066 0.0691 -0 .0053 0 .0053 -0 .0066 0.0066 

0 .0053 -0.0053 -0 .0053 0.0709 0 . 0 1 2 4  0.0053 -0.0053 
-0 .0053 0 .0053 0.0053 U.012'1 0.0709 -0.0053 0.0053 

0.0046 -0.0066 -0.CUb6 0.0053 -0.0053 0 .0691 -0.0066 
-0 .0066 0.0066 O.OOb6 -0.0053 0 . 0 0 5 3  -0.9066 0 .0691 

D-EPF.ICiENCY= 98.0 

A V L B B G E  Y ' B B I A N C E  OF C O E F F I C I E N T S =  0.06Y7 

T - E E E I C I E X C Y =  95.7 

MAXlHtiP1 V A B I A N C E  OF FITTEi) BESEDNSE= 0 ,7021  



1.31 

C E S S G E  t 6.15. 2 )  

ALIAS BATBIX 

0 
12 -0.106U 
13 0.1809 
14  -0. 1277 
$5 0.1489 
76 -0. 1064 
23 C . 0 8 5 1  
24 -0.0319 
25 0. 1064 

3 4  -0.2234 
35 -0.0951 
36 0.0319 
45 0.0339 
45 0,0213 
56 0 . 0 2 1 5  

2s -0.0638 

1 
0. 106U 

-0. I809 
0.1277 

-0.5489 
0. 1044 

-0.0851 
0,03 19 

-0,1044 

-6'.2766 

-0.03 19 
-0 .  03 39 
-0.02 13 
-0.0213 

a. 0638 
0 .5851  

2 
0.1064 

0.1277 
-0. I489 

0,1064 
-0.0851 

0.0319 
-0.1044 
0.0638 
8.2234 
0.0851 

-0.0319 
-0.0319 
-8.5213 
-0.0213 

-0  1 Bag 

ss 5.1776 c.5393 0.Y458 

C G N E O U N D I H G  INZEX= 0.7476 

3 
-0,0851 
0.0780 

-0.3688 
0.6525 

- 0 . 0 8 5 3  . 0,1348 
0.2411 
0.085 1 

-8.9844 
0;0213 

-0.13oi8 
0.0922 

-0.2411 
0.2837 

-0.3830 

1.0123 

4 
0,OBSl  

-0,4113 
0 - 0 3 5 5  

9,0854 
0.1986 
0.0922 

-0 085 1 

-0.02 1 3 

0 . 2 4 1 1  
- 0 a 0922 
0 e 0496 

0 . 0 1 ~ 2  

-0.4823 

-0.1996 

0,3a30 

0.7286 

5 
-0,1064 

O.ht309 
-0 ,1277 

0. '1489 
-0 a 4 06Q 

0,0851 
-0.0319 
0.706Q 

-0 .0638 
-0.22334 
-0.0851 
-0,r(691 

0.0319 
0.5213 
0.0213 

1 e 0978 

6 
0.10619 

-0.1809 
0.11277 

-0. BQd9 
0.1064 

- 0 -  o m  
-0. u a i  
-0.1064 
0,0638 
0,2234 
-0.4 149 
-0.0319 

o *  4681 
-o *  0213 
-8- 02 1 3  

0.7786 



1690'0 ESOO'O 9900'0- 9900'6 9900'0- 9900'0 E'SOO"0 
ESOO'O 6068'0 ESOO'O- FSOO'O ESOO'O- ESO6"O fiZL0-0- 
9900'0- ESOO'O- 1690'0 99OC.O- 9900'0 9900'0- ESOO'O- 
9900'0 €SOD"O 9900'0- 1690'0 9900'0- 9900'0 ESOO'O 
9900'0- E5OO"O- 9900'0 . 9900.0- lS90.0 9900'0- ESOO'O- 
9900'0 ECQO'O 9900'0- 9900'0 9900'0- 1690'0 ESOO'D 
ESOO'O RZLQ'O- FSOO'O- E500'0 ESOO'O- ESOO'O 6OLO'O 

T5riZANI XIX 

'L- 'L- 'I 'L- L- '1- 
'L- '1 '1 '1 - 'i '1 
'I '1 '1 '1 '1 'L- 
'1 'I 'L- '1- '1 - L- 'I e- '1- '1 - '1 '1 
'L- '1 '1 '1 '1 'b- 
'1 '1 '1 'L- '1 - 'L- 
'1- '1 '1 'i - 'L- 'L 
'1 t- 'I '1 '1 - 'L- 
'1- 'I 'L- 'I 'I - '1 

L- 'L- '1 't '1 '1 
'i 'C 'i- 't 91 '1 
'L- 'L- 'h- 'i- '1 'L- 
'1 'e- '1 'L - 'I - 'L 
'L- 'L- 'C- '1 'I- 'L- 

.I 
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C E S l G N  ( 6.15. 3) 

ALIAS MATRIX 

12 
13 
14 
15 
76 
23 
24 
25 
26 
34 
35 
36 
45 
46 
56 

0 
0. 1348 

-0.11922 
0.04Y6 

-0.0213 
0.0371 

-0. G O 7 1  
-0. 13Y8 
0. C638 

0.0496 
-0. 0213 
- 0 ,  1348 
-0.02 13 
0. 1348 

-0.0638 

0.0780 

1 
0.0851 

-0.0379 
-0.0213 
0.2234 

-0.0745 
0,0745 

- 0 . 0 8 5 1  
-0.1702 

0.1809 
-0.5213 
0.2L34 - 0,085 1 

-0.2766 
-0.4149 
-0.3298 

2 
-0.0851 
0.0319 
0.0213 

-0.2234 
0.0745 

-0.0745 
0.0851 
0,1702 
-0.1809 

0.5213 
0.2766 
0.0851 
0.2766 

-0.5851 
0.3298 

ss 0.1018 0.8249 1.0217 

3 
0.0851 

-0.0319 
-0.5213 

0 .2234  
-0.0745 

0.0745 
0.4149 
0.3298 
0.1809 

-0.13213 
0.2234 

- 0 . 0 8 5  1 
-0.2766 

0 . 0 8 5 1  
0.1902 

0.82'49 

4 
-0.0851 
-0.468 1 
0.0213 

-0,2234 
-0.u255 

0.4255 
0.0851 
0.1702 

-0.6809 
0.0213 
-0.2234 
0.0851 
0.2766 

- 0 . 0 8 5 1  
-0.1702 

1.3090 

5 
-0.1985 
0.24 11 

-0.02 13 
-0.3 262 
0.3262 
0.1986 
0 . 0 6 3 8  
0.4113 

-0.2837 
- 0 . 0 2  13 
0.1986 

-0 .0213  
-0.1986 
-0.0638 

0.7684 

-0.2 a37 

6 
0.0851 

-0.0319 
-0 .5213 
-0.2766 
-0.0745 
0.0745 

-0.5851 
0.3298 
0. 1809 

-0.02 13 
Q.223U 

-0.2766 

Q. 1702 

1.0217 

-0.0851 

0.0851 

CCNFCUHDING I l L , O X =  0.9618 
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C E S i G N  L 6.16. 11 

6 VARIABLES 7 PBRABETZRS 16 R U N S  . 
Deslew E 1 A l i c I X  

X I 1 )  XI23 XlS) X ( Q )  Y ( 5 )  X(5) V A R I A N C E  OF FITTED R E S F O N S E  

7 .  7 .  .- 1 . 1. - *  i .  - - I .  
1. 1. 1. 1.  - 1 .  - a .  
1. 1. - 1. -1 .  -1.  1. 
1. - 1. - 1. .1 . - 1 .  -1.  

-1. - 1. -1. - a .  1 .  - 1. 
1. - 1. 1. -1 .  - 1 .  - a .  
1. -1.  1. - a .  -1 .  1 .  
s . 1. 1. - 5  I .  1 .  - 2 .  

-1. 1. 1. 1. 1. 1. 
-.l I .  - a. 1 .  2 .  - a .  1. 

1. 1. 1. -1. 1. - 1 .  
- 1 .  - a .  -1 .  - 1 .  1. 1. 

1. 1. - 1 .  1. 1. 1. 
1. -1. -1 .  1. 1.  - a .  
1 .  - 1. 1. 1. 1. 1. 

- a .  1. - 1. -1 .  - a .  1. 

X’X TPVEBSE 

O.(S375 
0 .  Q375 
0.4375 
0 . 4 3 7 5  
0.4375 
0. ($3’15 
0 .  Q375 
0 .  b375 
0.4375 
0.4375 
0.4375 
0 .  b375 
0.14375 
0. a375 
0.4 3’15 
0.4375 

O.Ob25 0.0 0.0 0.0 0 .o 0.0 0.0 
0.0 8.0625 0 .0  9.0 0.0 0.0 0 - 0  
0.0 0 .0  0 .0625 0.0 0 .0  0.0 0.0 
0.0 0.0 0.0 0 . 0 6 2 5  0.0 0 . 0  0.0 
0.0 0.0 0.0 0.0 0.0625 0.0 0 .0 
0.0 0.0 0.0 0.0 0 . 0  O.Ob25 0.0 
0.0 0.0 0.0 0.0 a .o 0.0 0,0665 

T - E F E  L C I E N C Y ~  100.0 



0 
12 0.0 
13 0 . 0  
14 0.0 
15 0.0 
16 0.0 
23 0.0 
24, 0.0 
25 0.G 
26 0.U 
3u 0.c  
35 0.0 
36 0.0 
45 0.6 
46 0.0 
56 0.G 

ALEAS HATRIP 

1 
0.0 
0.0 

. 0.0 
0.0 
0.0 

0.0  
0. Q 
0 . 0  

0.0 
0.0 
0.5000 
0.0 
0.0 

-0.5000 

-0.5000 

ss 0.0 0.7500 

C C N P C U N Q I N G  I # C E X =  0. e750 

2 
0.0 

-0,5000 
O"9 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 
C.0 
0.5000 

-0.5000 
0.0 
0.0 
0.0 

0.3500 

3 
-0.5000 

0 , o  
-0.50UO 
0.0 
0.0 

.o .  0 
0.0 
0.5oe0 

-0.5000 
0.0 
0.0 
0.0 
0.0 
0.5000 
0.0 

1.2500 

0.0 
-0.. 5000 
0.0 
0.5000 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.5000 
0.0 
0.0 
0.5000 

1.0000 

0-. 0 

5 
0.0 
0.0 
0.5000 
0.0 
0.0  
0.5000 
0.0 
0.0 
0. 0 
0. Q 
0.0 
0.0 
0.0 
0.5000 
0.0 

0.7500 

6 
0.  0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.5000 
0.0 
0.0 
0.5000 
0 .0  
0.0 

0.7500 

- 0 . 5 0 0 0  
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C E S I G N  C 6 .17.  11 

6 VWBIAELES 7 PWRAPIETEXS 1’7 RUNS 

-- 
I. 

-1.  
1. 

-1. 
1. 

-1. 
1. 
1. 
1. 
1. 

- 1 .  
-1. 

1. 
1. 

-1 .  

- 1. 
- a .  ~ 

1. - a .  1. 1. - 1. 1. 1. -1 .  
1. - 1 .  1. -1 .  
1. 1. 1. -1 .  
1. 1. - 1 .  1. 

- 1 .  - 1 .  -1. - a .  
- 1 .  1. 1 .  1 .  
- 1. -1. 1. - a .  
- 1 .  1 .  1. 1. 

1. 1. -1. -1 .  - 1. 1. -1 .  1.  
-1. 1. -1.  - 1 .  
- 1 .  - 1 .  - 1 .  -1.  

1. -1.  -1 .  1. 
1. -1. -1. 1. 

-1. - 4 .  1. 1. 
1. 1. 1. - a .  

X (61 

1.  
- 1 .  
- 1 .  

1. 
1. 
1. 

- 1 .  
1. 
1. 

- 1 .  
-1. 

1. 
-1 .  

1. 
-1.  
-1.  
- 1 .  

V A R I A N C E  OF F I T T E D  RESPOHSE 

0.4348 
0.3043 
0.4348 
0.4130 
0.4130 
0.4348 
0.4130 
0.4348 
0.43Q8 
0.4348 
0.4130 
0.4130 
0.4348 
0.3696 
0.4398 
0.4130 
0 3696, 

X ’ X  i B W E R S E  

0.0595 0.0027 0,0027 -0.0027 -0.0027 0.0027 0 . 0 0 2 7  
0.0027 0.0548 -0.0027 0.0027 0.0027 -0 .0027 -0.0027 
0.0027 -0.0027 0.0598 0,0027 0.0027 -Q.O027 - 0 . 0 0 2 7  

-0.0027 0.0027 0.0027 0.0590 -0.0027 0.0027 9.0027 
-0 ,0027 0.0027 0.0027 -0,0027 0.05Q8 0.0027 0.0027 
0*@027 -0.0027 -0.0927 0,6027 0.002’7 0.6598 -0.0027 
0.0027 -0.0027 -0.0027 0.0027 O.CO27 -0 .0027 0.0598 

D E T  / X s X j  = 0.3858759680D 09 

D - E f F I C I E N C X =  9 3 .  1 

AVEKAGE V A B I B N C E  G E  C O E F F I C I E N T S =  0.0598 

T-EFFTCIEXCY= 98.4 

FAXIPiWi  V A R I A N C E  OF F I T T E D  FESPONSE= 0.4348 
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CESIGN { 6.17. 1) 

ALIhS BATEIX 

12 
13 
14 
15 
16 
23 
24 
25 
26 
34 
35 
36 
45 
46 
56 

5s 

0 
Q .  0652 
-0,0217 
-0.0652 

0.0652 
-0.0652 
-0.0870 

0.1087 
0.0552 
0 - 0q35 

-0.0435 
-0,0435 
-0.0652 
-0,0435 
0,0670 

0 ,  a435 

a. 062.4 

1 
-0.OE52 
0.02 17 
0.0652 - 0.0435 
-0.0652 

0 -  0652 
-0.4130 
-0.1087 
-0,0652 - 0.0435 
0.5435 
0 e 0435 
0 . 0 b 5 2  
0.0435 
0-4130 

0.6819 

2 
-0.0652 
0.0217 

-0.4348 
-0.0435 
-0.0652 
0.0652 
0.0870 

-0.1087 
-0.0652 
-0,0435 
-0,4565 

-0.4348 
0.0435 
0.4730 

0,8015 

0.0435 

3 
0.0652 

-0.0217 
-G. 0652 
0.5u35 
0.0652 

-0.0652 
-0,0870 
-0.39 13 

0.0652 
0.0435 - 0.0435 

-0.OU35 
-0.0652 
-0,0435 
0.0870 

0,4972 

4 
-0.4348 
-0 a G2 17 
-0.0652 
0.0435 
0.0652 

-0.0652 
-0.0870 
-0.3913 
0. 0652 
0.0435 

- 0.043 5 
-0.0435 
-0,0652 
-0,0835 
0,0870 

0.3385 

5 
-0 .0652 

0.5277 
0.0652 
-0.0435 
0.113Q8 

-0.4348 
-0 .u 130 
-0.1087 
0.4348 

0.0435 
0.0435 
0.0652 

-0.0870 

1.0515 

-0 e 0435 

0.0435 

6 
-0.0652 
Q. 02 77 
0.0652 
0.4565 

- 0 . 0 6 5 2  
0.0652 
0.0870 
0.3913 

- 0 . 0 6 5 2  
- 0 . 0 4 3 5  

0.0435 
0.0435 
Q .  0652 
0.0435 
-0.0870 

0.4102 

C C N F Q U N D I N G  I t J C E X =  8.6385 



138 

D E S I G N  i 6. 1 7 .  2)  

6 V A R I A E L E S  7 PAIRP.MFTEBS 17 RUNS . 
D E S I G N  M A T R I X  

X(1) 

1. 
-1. 
1. 
1. 

-1.  
-1. 
- a .  
1. 
1. 

-1. 
1. 
1. 

- 1 .  
1. 

- 1 .  
-1. 
- 1 .  

I. 1. - a .  
1. 1. -1. 
1. 1. 1. 

- 1 .  1. 1. - 7. 1. 1. - 1. - 1 ,  -1. 
1. -1. 1. - 1. -1. -1. - 1. 1. 1. 
1. 1. - 7 .  - 1. - 1 .  -1 .  
1. - 1. - 1 .  
1. - 1 .  1. 
1. - 1. 1. - 1. 1. -1. 

-1. -1. 1. 
1. - 1. 1. 

K (5) 

-1 .  
1. 
1 .  

-1. 
1 .  

-1 .  
1. 
1. 

-1 .  
-1 .  
-1. 

1. 
-1.  

I .  
1. 
1. 

- 1 .  

(6 )  

- 1 .  
1. 

-1. 
- 1 .  
1. 

-1 .  
-1. 
1. 
1. 
1 .  
1. 

- 1 .  
1 .  
1. 

- 1 .  
- 1 .  
.-1. 

0.4348 
0.4348 
0.4130 
0.4348 
0.4348 
0.43148 
0.3043 
0.4348 
0.4130 
0 .4348  
0.4130 
0.4330 
0. (ha30 
0. Qf30 
0 .b346 
0.3696 
0.3696 

X ’ X  I N V E R S E  

0.0598 0.0027 -0.0027 0.0027 -Q.0027 - 0 . 0 0 2 7  0 . 0 0 2 7  
0.0027 0 . 0 5 9 0  0.0027 -0 ,0027 0 .0027 0.0027 -0.0027 

-G.0027 0.0027 0.0598 0.6027 -0.0027 -0.QO27 0.0027 
0.0027 -0.0027 0.0027 0.0598 0.0027 0.0027 -0.0027 

-0.0027 0.0027 -Q.(3027 0 . 0 0 2 7  0 .0598 -0 .0027 0 .0027 
-0 .0027 0.0027 -0.0027 0,0027 -0.0027 0.6598 0.0027 
0.0027 -0 .0024 0.0027 -0.0027 0.0027 0 . 0 0 2 9  0.0598 

CET P X ‘ X )  = 0.3658759680D 09 

D - E I F I C i S N C Y =  99. 1 

AV’F’EBCE Y h R I A N C E  OF f O E P F I C T E N I S =  0.0598 

T - E E E I C I E N C Y =  98.4 

P I A X I M U M  VALPPIANCE Or’ FITTED RESPONSE’ 0.4348 



A L I A S  B A T R I X  

12 
13 
14 
15 
16 
23 
21r 
25 
26 
34 
35 
3 6  
Id5 
46 
56 

55 

0 
-0. 0870 

0.0L17 
-0.0217 
-6). 08-70 

0.0435 
-0.0217 

0.0217 
0,0652 

-0.0652 
-0. QQOO 
-0.06 52 
0.0217 
0.0435 

-0.0435 
-0,0435 

8 . 0 3 7 8  

1 
0.0870 - 8,02 7-7 
0.02 17 
0.0870 

-0.0435 
G.0217 

-0.02 17 
0,4348 

-0,4348 
c.soo0 

-a .  52 17 
-0.0435 
0.0435 
0,0435. 

1.1139 

-0.4348 

2 
-0.01370 

O.O2%7 
-0.02'97 
O.4?30 

-0,4565 
-0 e 0 2  13 

0.02'17 
0,0652 

-0.0452 
-0.5080 
-0,6652 

0,0217 
0 .Q435 

-0,0435 
-0.0435 

0.6574 

3 
0.0870 

-0. (0217 
0,5217 

-0.41 30 
-0.54;35 . 0.0217 
-6 .5217 
- 0 . 0 5 5 2  
0,0652 
0.0000 
0.0652 

-0.02 97 
-0.0435 
0.0435 
0.0435 

1.0378 

4 
-0.0870 

0 . 5 2 6 7  
-0 ,0217 

8,0435 
-0.5217 
0.0217 
p .  0652 

-0,0652 
-0 * OOOO 
- 8 . 0 6 5 2  

0.0247 
0 * 0435 

-0.0435 
-0 * 0435 

0,5813 

-0. Q u o  

5 
0-4 130 

-0,4783 
- Q , 0 2 ' t ?  
-0,08YO 

( P I  0435 
-0.02 47 

0.0217 
0 .0652  

-0 .. 0652. 
-0, OOCBO 
-0.0652 

0.0217 
0. at135 

-0,0435 
-0,0435 

0.4291 

6 
-0.41 30 
-Q. 5217 

0.8217 
0,0870 

-0 .OQ35  
0 . 0 2 7 7  

-0,0217 
-0 .0652  

0.0652 
0.0000 
a. 0652 

-0 ,0217 
-0 * 01635 

0,0435 
0 e 0435 

0.4726 

C C B F G U W D I U G  IREEX= 0.7153 
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C E S f G l  ( 6 .17 .  3) 

6 V A B I A E L E S  7 PRRBMETZRS 

X ( 1 )  

-1. 
- 1 .  

1. 
1. 

- a .  
- 1 .  

1. 
- 1 .  
-1 .  
-1. 

1. 
1. 

- a .  
1. 
1. 

1. 
1. \ 

CESIGN H A T R Z X  

X ( 2 )  X ( 3 )  X ( 4 )  Wl5) X ( 6 )  

1. 1. 1.  1. 1. - 1. -1.  -1 .  - 1 .  1. - 1. 1. - 1 .  -1 .  -1 .  
-1.  -1. 1. - 1 .  1. 
- 1. 1. 1 .  1. -1. 

1. -1. 1. -1. -1 .  
1 .  - 1 .  1. 1. 1. 
1. -1 .  -1.  - a .  - 1 .  

- 1. 1.  1. -1. -1 .  - 1. -1. -1. 1. 1. 
- 1. - 1. -1. 1. -1 .  
-1.  -1. 1. 1. -1. 

1. 1. -1 .  1. 1. - 1. 1. -1 .  -1. 1. 
1.  1. 1. -1.  1 .  
1. 1. -1 .  1. - 1 .  
1. -1 .  - 1 .  -1. -1. 

X ’ X  INVERSE 

0.0598 - 0 . 0 0 2 9  0.002‘7 0 .0029 
-0 .0029 0.0598 0.0027 0 .0027  
0.0027 0.0027 0.0598 -0.0027 
0.0027 0.0029 -0.002’9 0.0598 
Q.0027 0.0027 -0.0027 - 0 . 0 0 2 9  
0.0023 0.0027 -0.0027 -0.0027 
0.0027 0.0027 -0.0027 -0.0027 

19 BUNS 

VARIANCE OF FITTED RESPONSE 

0.3696 
0.4 730 
0 . 3 6 9 6  
0.4130 
0.4348 
0.4348 
0.4348 
0.4130 
0.4348 
0.4348 
0.3696 
0.4130 
O.la130 
0.4138 
0.4348 
0.4348 
0.3696 

0 .0029  0.0027 0.0027 
0.0027 0.0027 0 . 0 0 2 7  
-0.0027 -0.0027 -0.0027 
-0.0027 -0 .0027  -0.0027 

0.0598 -0.0027 -0.0027 
-0.0027 0.0598 -0.0027 
-0.002’7 -3.0027 0.0598 

DET ( X ’ X )  -- 0.3858759680D 09 

C - E P F I C i E N C I =  99.1 

A V E R A G E  V A R I A N C E  OF COEEFICIENTS= 0.0~98 

T-EFFICIENCY= 99.4 

B A X I U U B  VARIANCE OF FITTED R%SPOISE= 0.4348 
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DESIGN [ 6.17. 3) 

A L I A S  BATBIX 

0 
12 -0.0435 
13 -0.0870 
14 -0.0435 
115 -0.0870 
16 -0.0435 
23 0.0870 
24 0.0652 
25 0.0870 
25 0.9087 
3U O.Ob52 
35 0.0870 
36 0.0652 
45 0.0435 
4 6 -  0.0435 
56 0.0890 

1 
-0.0435 
-0.0370 
-0.0435 
-0.or):o 
-0.0435 
0.0870 
0.0652 
0.0870 
u. 1087 

- 0 :  4348 
-0.4139 
0.9652 
0 * 6435 
0.5u35 

-0.4130 

SS 0. 0794 0.8837 

C O N P O U N D I N G  I N C E X =  0.8185 

2 
0.0435 
0.0870 
0.0435 
0.0870 
0.0435 

-0.0670 
-0.0652 
-0.0870 
-0.1087 
-0.0452 
0.4130 

-9,0435 
0.4565 
0.4130 

0.7968 

0.4348 

3 
0.0435 
0.00721 

-0.4565 
-0. U130 
0.0435 

-0.0870 
-0.0652 
0.4130 
Q. 3913 

-0.0652 
-0.0870 
-0.0652 
-0.0435 - 0.0435 
-0.0870 

0.7533 

4 
0.0435 

-0.4130 
0.0435 
0.0870 
0.5435 

-0,0870 
-0.0652 
-0.O870 
0.3913 

-0.0652 
-0.08 70 
-0.0652 
-0.0435 - 0.0435 
-0 .0870  

0 . 6 7 7 2  

5 
0.0435 

-0.4 130 
0.0435 

-0.4565 
0.4130 

-0.0652 
-0.0870 

0 . 3 9 1 3  
- 0 .  (3652 
-0.0870 
-0.0652 
-0.0435 
-0.0435 
-0.0870 

0.7533 

o.oa7'0 

6 
0.0435 
0.0870 
0.5435 
-0.4130 
0.0435 
0.4130 

' 0.4130 
-0. 1087 
-0.0652 
-0.O870 
-0.0652 
-0.0435 
-0.0435 
-0.0870 

1.0468 

0.4348 
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-1. 1. 1. 1. -1 .  1 .  
I .  1. 1. - 1 .  1. 1. 
1. - 1 .  - 1 .  1. 1. 1 .  

- 1 .  1. -1 .  - 1 .  - a .  1. 
-1. *. 1. -1. 1. -1.  

1. -1. 1. -1 .  1. ?. - 1. 1. - 1 .  - 1 .  - 1 .  -1. 
- 1 .  -1. -1 .  1. 1.  I .  

- a .  1. - 1 .  1. 1 .  1. 
- a .  -1. -1.  -1. - 1 .  1. 
- 1 .  1. 1. -1. 1. -1 .  

1. 1. 1. 1. - 1 .  - 1 .  
1. - 1 .  - 1 .  - 1 .  t .  -1 .  
1. 1. -1.  1. 7 .  -1. 
1. - a .  1. 1. - 1 .  -1.  

- 1 .  -1.  1. 1. - a .  1. 
' 1. 1. - 1 .  - 1 .  -1. 1. 

- 1 .  - 9 .  1. 1. -?. -1. 

- ?  

- 1  

-1 

0.386U 
0 . 4 ? 1 0  
0.4318 
0.3030 
0.16310 
0.Q318 
0.3655 
0.4110 
0.411@ 
0.3655 

0.4110 
0. U318 
0.4378 
0 . 3 4 8 5  
0.3655 
0.3485 
0.3030 

0.43 18 

X ' x  INVERSE 

0.0568 0.0057 0.0 0.0 0.0 0.005-I 0.0 

0.0 0.0 0.0052 0.0573 -0.0052 0.0 0 .0052 

0.0057 0.0568 0.0 0.0 0.0 -0.0057 0.0 
0.0 0.0 0.0573 0.0052 0.0052 0.0 -0.0052 

0.0 0.0 0,0052 -C.0052 0.0573 0.0 0.0052 
0.0057 0.0057 0.0 0.0 0 .O 0.0568 0.0 
0.0 0.0 -0.0052 O.UO52 0.0052 0 - 0  0.0573 

E V E R A G E  V B B I A N C E  OF C O E T F I C I E N T S =  0.0571 

I - ? P I I C I E W C Y =  s7.3 

E A X i E U M  V A R I A N C E  OF PITTED RESPONSE= 0.4348 



CESSGN I 6.18. 11 

ALIPlS H A T R I X  

0 
12 0.0 
13 0.0 
14  0.0 
15 0,6909 
16 0.0455 
23 -0.0909 
24. -0.L909 
25 0.0 
26 0.C909 
34 -0.0600 
35 0 . 0  
36 -0.0909 
6 5  0.0 
46 -0.7364 
56 0.0455 

1 
0.0 
0.0 
0.0 

-0.0909 
-0 .0455 

0.0909 
0.0909 
0.0 

-0.0909 
O.OO@O 
0.0 
0.0509 
0.0 

-0. 3636 
c.4545 

L 

-0.0833 
0.0833 
0.1250 

-0. O U T ?  
-0.1250 

0.0 
0.0 

0.0 
0.0 
0.0000 
0.0 
0. OOOG 
0.0 

-0.0833 

-0.0033 

SS 0.0640 0.3822 0.0608 

C C N F O U N D J N G  INCEXS 0.7254 

3 
0.0833 - 0.0833 

-0. 1250 
0.04 17 
0.1150 

0.0 
0.0833 
0.0 
0.0 

-0.0000 
0.0 

-1. GOO0 
0.0 
0.0833 

1.0608 

.o.  0 

4 
0.0833 

-0.0833 
-0 .1250 
0.0417 

-0.3750 
0.0 
0.0 
0.0833 
0.0 
0.0 - 1.0000 
0.0 

-0.0000 
0.0 
0. C833 

1 .1858  

5 
0.0 
0.0 
0.0 
-0.0409 

0 . 4  5b5 
0.0909 
G.0909 
0.0 

-0.09G9 
- 1  .oooo 
0.0 
0.09c9 
0.0 
0.1364 

-0.0455 

1.2686 

6 
-0.0833 
0.0833 

-0.3750 
0.4583 

-0.1250 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0000 
0.0 

-0.0833 

-0.0833 

0.3941 



C E S I G N  f 6. 18. 2) 

G E S I G N  MATRIX 

X t l )  X ( 2 )  X f 3 )  X ( 9 )  X ( 5 )  X ( E )  Y R R I A N C E  OF FITTED E L S E O N S F  

1. 1. - 1. 1. -1.  - 1 .  - 1. 1 .  -1. -1. 1. 1. 
-1. - 1. - 1. -1. 1. - 1 .  
- 1 .  1. 1. 1 .  1.  - 1 .  

1. 1. -1. 7 .  1. 1. 
_. 1 0 .  1. 1. - 1 .  - 1 .  -1. 

1. - 1. - 1. - 1 .  -1.  - 1 .  
-1 .  - 1. -1 .  1. -1. 1. 

1. - ? .  1. - 1 .  - 1 .  1. 
1. 1. - 1 .  7. -1. 1. 
1. ?. 1. -1 .  1. 1. 

-1. 1. I .  1. -1. -1. 
- 1 .  - 1 .  1. 1. -1. 1. 

1. .- 1, 1. 1 .  1 .  -1. 
1. .-1. 1. - 1 .  1. - 1 .  

-- 1 . - 1 .  - 1 .  1. 1 .  - 1 .  
-1. 1. -1. - 1. - 1 .  -1 .  
-. 1 . - 1 .  1. -1 .  1. 1. 

0 . 3 4 8 5  
0.4318 
0.3655 
0.3864 
0.4110 
0.38616 
0.Q31A 
0 . 4 1 1 0  
u . (I 1 10 
0.348: 
0.QllC 
0 . 3 6 5 5  

O . Q I 1 0  
0.348: 

0 . 3 6 5 5  
0 .  31185 

0.4318 

0.3864 

X ' X  I N V E E S E  

0.056a 0 . 0 0 5 7  0.0 0.0 0 . 0  0 . 0  0 . 0 0 5 7  
0 . 0 0 5 7  0 . 0 5 b b  0.0 0.0  c . 0  0.0 6.0657 
0. c 0.0 0 .0573  0.0052 -0.0052 0.0052 0.0 
0.3 0.0 0 .0052  0.05/3 0.0052 -0.0052 0.0 
0.0 0. 0 - 0 . 0 0 5 2  0.0052 0 . 0 5 7 3  0 . 0 0 5 2  0 . 0  
0 .  C 0.0 0 . 0 0 5 2  - 0 . 0 0 5 d  6.0052 0.0573 C . 0  
C.GO57 - 0 . O G S 7  0.0  0 .0  0 .o 0.0 0 .  C S t D  

CETfX'X) = 0 .  5536481280D 09 

0-61  F I C I E H C Y =  98 .  t 

AVLFALE V A R I A N C E  OF C O E F F I C T E b T S -  0 .  C571 

? - h E I i C T T t i C Y =  9 1 . 3  



EESZGN 4 6 . 1 8 .  2 )  

nLIAs MATRIX 

? 2  
1 3  
1 4  

5 
l b  
23 
24 
2 5  
i t ,  
i 4 
35 
36 
4 5  
4 6  
5 b 

0 
0,0455 
0.0 
0 -  0 
0.0 
0.6909 

-0.1&318 
0 .  1 3 b 4  

-0. c1155 
0.0455 

-0.1818 
0 ,  1364 
0.0 

0.0 
0.0 

-0. 1364 

1 2 

0.0 -0.2917 
0.0 0 . 3 3 3 3  
0.0 0.1250 

-0.090s if. 4583 
- 0 . 3 1 8 2  0.6 

0. 3636 0.0 
0.0455 0 . 0 
0.4545 -0.Otj3.3 

-c.  31  t32 0.0 
0.3636 0 m 0 
0.0 -0.3333 
0.136U 0.0 
0.0 -0.1667 
O.C 0 -  5 8 3 3  

-o.oa(55 -0.16b7 

5 s  0 .  1364 0 . 7 0 0 5  0 .9358 

3 
- 0 . 3 3 3 3  
-0. 2 0 8 3  
- e 2 3 3 3  
0.3750 
0. 0417 
0.0 
0.0 
0, c 
0.0 
0.0 

G .  0 

-0. 4167 

-6.1667 

- 0 . 3 3 3 3  
-C. 0833 

0.7274 

4 
0.3333 

-0.29 17 
-0.7667 
0. 1250 

-0 .0417 
0.0  
0.0 
0 . 0  

0.0 
0 - 0  

0.0 

- 0 . 0 6 3 3  

-0.3333 

- 0 . 1 6 b 7  
-0.41b7 

0 . 5 6 0 3  

5 
O,lbt7 
0 e i b q  1 7  
0.1667 

-0. 1 ~ 5 0  
U.OU 17 

0 - 0  
0.0 
0.5833 
(i. 0 
0.G 

0.0 

0.1) 

-0. 1 h t 7  

- 0 , 3 3 3 3  
- 0 . 0 8 3 3  

0.64kt 

6 
0.4545 
0.0 
0 . 0  
0.0 

- 0 . 0 3 0 9  
-0 .3 182 
-Oe 1364 

0 . 5 4 5 5  
-0.0455 
- 0 .  3182 
-0. 1.304 

-0 .3636 
0 . 0  

0.0  
0 . 0  

0. 3 8 6 4  



6 VAEIAkLES 7 PARAMETERS 18 BUNS . 
CESIGN MATRIX 

1. 1. 1. 1 .  1. - 1 .  
- 1 .  1. - a .  1. - 7 .  1. 
- 1 .  - 1 .  1. - 1 .  - 1 .  - 1 .  
-1. 1. 1. 1. 1.  - 1 .  

1,  I. 1. -1 .  - 1 .  - 1 .  
1. - 1 .  -1 .  7.  -1 .  1. 
1. - 1. -1 .  -1. 1. - 1 .  
1. - 1. 1. 1 .  1. 1. 

-1 .  - 1 .  -1 .  -1 .  1. - 1 .  
-1. 1. 1. -1.  1. 1. 

1. 1. - 1 .  -1. 1. 1. 
-1 .  -1 .  1. - 1. -1 .  1 .  

1. 1. - 1 .  - 1 .  1 .  1. 
1. 1. -1 .  1. -1 .  - 1 .  
1. - 1. 1. - 1 .  -1 .  -1.  

-1. - 1 .  1. 1. -1. 1. 
- 1 .  - 1. - 1 .  1. 1. -1. 
- ? .  -1. 1. -1.  - 1 .  1. 

-.l 

0.4110 
0 . 4 3 1 8  
0 .3030  
0.Q318 
0.3864 
0.4310 
0.3655 
0.4318 
0.3864 
0.4318 
0 . 3 4 8 5  
0.3864 
0 .3485 
0.lbflO 
0 . 3 6 5 5  
0.3405 
0.4318 
0.3&85 

0.0568 0.0 0.0 0 .0  0.005'7 0.0 0.0057 
0.0 0.0573 -0.0052 0.0052 0.0 -0.0052 0.0 

Q * O  0.0052 0.0052 0 .0573 0.0 0 . 0 0 5 2  0.0 
0.0057 0.0 0.0  0.0 0.0568 0 . 0  -0.0057 
0.0 - 0 . 0 0 5 %  -0.0052 O.OG52 0.0 0.0573 0.0 
0.0057 0.0 G. 0 0.0 - 0 , 0 0 5 7  0.0 0 . 0 5 6 8  

0.0 -0.0652 0.0573 0.0052 0.0 -0.0052 0.0 

DE" /X'X) = 0.5536481200D 09 

C - E F F I C I E N C Y =  98.6 

R V E a A G E  V A B I A N C E  Q E  C O E F F I C I E N T S =  0.0571 

I - E P F I C I E N C Y -  5 7 . 3  

LAXIBUIY V A B I A N C E  OF F I T T E D  BESPONSE= 0.43118 



DESIGN I 6.18. 3) 

A L I A S  MATRIX 

0 
12 0.0909 
13 -0. 1364 
14 0.0 
15 0.1364 
16 0.0 
23 -0. 1364 
24. -0 .0455 
25 0. 1364 
26 -0.C455 
3 4  0.0 
3 5  -0.0455 
36 0.0 
45 -0.0455 
46 0.0909 
56 -0.0455 

1 
0.0 
0.0 

0.0 
-0.0833 

-0.1667 
-0.0417 
-0. C833 
0.0417 

-0,1667 
0.0417 

-0.04 17 
-0.3333 
-0  - 0 4  17 

0.0833 
0.3333 

ss 0.1012 0 . 3 0 i 3  

2 
0.0 
0 .0  

0.0 
-0.0833 

-0.1667 
-0.0417 
-0.0833 

0.0417 
-0.1667 

0.0417 
0.4583 

-0.3333 
-0.0417 
-0.3 167 

0.3333 

0.6623 

3 
0.0 
O * O  
0.0833 
0.0 

-0.3333 
.O*  0417 
0.0833 
0.4583 

-0.3333 
-0.0417 
0.0477 

-0.1667 
0.54 17 

-0.0833 
0.1667 

0.8073 

4 
-0.0909 
0.1364 
0.0 

-0,1364 
0.0 
0. I364 
0.0455 

-4.1364 
-0.4545 
0.0 
0.5455 
0-0 
0.0455 - 0.0909 

-0 45u5 

0.8058 

5 
0 .0  
0.0 

-0.0833 
0.0 
0.3333 

-8.0833 
0.0417 
0.3333 
0.5477 

-0.0417 
0.1667 

-0.0417 
-0.4167 
-0.1667 

0.9740 

0,4583 

6 
-0.0909 
-0.3636 

0 .0  
0. 3636 
0.0 

-0.3636 
-0.4545 

0.3636 
0.0455 
0.0 
0.0a55 
0.0 

-0.4545 
-0.0909 

0.0455 

0.9649 

C O N F O U N D I N G  TNDEX= 0.7569 
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LESlGN t 6.19. 1) 

6 VARIABLES 7 P A R B H E T E R S  

x (1 )  

- 1 .  
1. 

-1.  
- 1 .  

1. 
1. 

-1. 
1.  

-1.  
- 1 .  

1. 
1 .  

- 1 .  
1.  
1. 

- 1 .  
-1 .  

1. 
-1. 

D E S I t i N  N A T R I X  

- 1. - 1 .  1. 
- 1 .  - 1 .  1 .  - 1. - 1. -1 .  
- 1. 1. - 1 .  
-1 .  - 1. -1 .  
- 1. 1 .  1. 

1. -1. 1. 
1. - 1 .  1 .  
1. - 1 .  - 1. - 1. 1. - 1 .  
1. - 1 .  1. 
1. 1.  -1 .  
1. I .  1 .  

1. 1. - 1 .  
- 1. 1. 1. 

1 .  - 1 .  - 1 .  
1. 1. 1. 
1. 1 .  - 1 .  - 1. 1. 1. 

x $51 

1. 
-1.  
- 1  * 

1 .  
1. 

-1 .  
1. 
1. 
1 .  
1. 

- 1 .  
- 1 .  

1. 
-1 .  
- 1 .  

1. 
- 1 .  
-1 .  

I .  

X (6) 

- 1 .  
- 1 .  
* q .  
-1 .  

1. 
1.  
i. 

-1. 
1 .  

-1 .  
- 1 .  
- a .  
- a .  
- 1 .  

1 .  
1 .  
1 .  
1. 
1 .  

X ' X  I N V E R S E  

0.0537 0,0038 -0.003~ -3,003a 
0 . 0 0 3 8  (3.0538 -0 .0038 -0.01338 

-0.0038 -0 ,0038  0 .0538  0.0038 
-0.0038 -0 .0038  0.0038 0 .0538 
-0.0038 - 0 . 0 0 3 8  0 .0038  0.0038 
-0 .0031  -0 .0031 0.0031 0.0031 

0 .0031  0.0031 - 0 . 0 0 3 1  -0.0031 

DET I X ' X )  = 0.8192000000D 09 

D - E F E I C I E N C Y =  9 8 . 8  

1 9  RUNS 

VARIANCE O F  F I T T E D  R E S P Q W E  

0.3350 
0.4087 
0.4087 
0.3350 

0.3787 
0 .3350 
0.3350 
0.3787 
0.3350 
0 .3350  
0.3787 
0.4087 
0 .3350 
0.3600 
0 . 3 6 0 0  
0 - 4  0 87, 
0.3600 
0 .3350 

0.4687 

-3.0038 -0.0031 0.0031 
-0.0038 -0 .0031 0 .0031  

0.0038 0.0031 -0.0031 
0.0038 (1.0031 -0.0031 
G.0538 0.0031 -0.0031 
0.0031 0.0547 0 . 0 0 7 8  
-0.0031 0.0078 0.0547 

P V M A G E :  V A R I A N C E  OF C Q E E P I C X E N T S =  0.0540 

I - E F P I C I E N C Y =  9 7 . 4  

r A x T n u B  V A R Z A E ~ C E  O F  P I r I E n  R E S P C ) N S E =  0.50oo 



0 
1.2 0.0250 
1 3  0 . l O O O  
14 a. 0800 
15 0,0600 
16 -0.0300 
23 - U . O Y S O  
su -0.1090 
L5 -0.0600 
if5 0. CSOJ 
34 -0.0250 
35 - 0 . O Q O O  
36 O.ObO0 
45 -U.O600 
4 6  0.0300 
56 -6.1400 

1 
0.0250 
0.1000 
C..(J800 
0.0600 

-0,3300 
0.1550 

-0.3000 
0.14UO 

-0 .2250  - 0.2600 
0.2600 
0.1406 

-0. 1700 
0.C600 

-0. w o o  

2 
-0.0250 

0.1000 
-0 .L8OO 

0. I400 
-0.5700 
0.0450 
O.lCO0 
0.0600 

-0.0600 
- 0 , 1 7 5 0  
-0,1400 
- 0.2600 

C.2600 
-0.2700 
-0.0600 

SS 0.0727 0,6847 0.6947 

3 
0. 1750 

-0.1000 
-0.2800 
-0.2600 
0.2300 
0.0450 

-0.1000 
-0.1400 
-0.2600 

0.0250 
0.0600 

-0.0600 
-0. 1400 

0.5700 
-0.0600 

0.6947 

4 
-0 .2250 
-0.3000 
-0.0800 

0.1400 
-0.1700 
-0.1550 

0. IO00 
0.2600 

-0.2600 
0.0250 

-0.1400 
0.5400 
0.0600 

-0.0300 
-0.0600 

0.68a7 

5 
0 . 0 6 2 5  

-0.2500 
0.1080 

-0.0500 
0.0Z50 

-0 ,2125  
0.2500 
0.0500 

-0.0500 
-0.0625 
0.0580 

-0.0500 

-0 .0250 
-0.0500 

0.050~ 

0.2067 

6 
-0 .5625 

0.2500 
-0.1000 

0.0500 
- 0 . 0 2 5 0  
-0.2875 - 0.2500 
-0.0500 

0.0500 
0.5625 

-0.0500 
0.0500 

-0.0500 
0.0250 
Q.Q500 

0.8692 

C O E f O U N D I N G  I i i D E X =  (1.6391 
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-1. 1. -1 .  1. -1. 1. 
1 .  1. -1 .  -1. 1. -1.  

-1. 1. 1. 1, -1. 1. 
1. - 7 .  1. -1 .  -1. 1. 

-1. - 1. 1. 1. 1. - 1 .  
1. 1. 1. -1 .  -1. 1. 

-1. 1. -1. -1.  - 1 .  1. 
1 .  1. 1. 1. 1.  1. 
1. -1.  - 1 .  - 1 .  -1 .  -1.  
1. - 1. - 1 .  1. 1. 1. 

-1. -1.  1. 1. -1 .  -1. 
-1 .  - 1 .  -1 .  -1 .  1 .  1. 

1. -1.  1. -1 .  - a .  - 1 .  
1. I .  1. 1. 1.  -1.  

-1 .  - 1. -1. 1. - 1 .  - 1 .  
- 1 .  1. 1. -1.  - a .  - 3 .  

1. -1.  -1. 1. - 7 .  1. 
- 7 .  - 1 .  1.  - 1 .  1. 1 .  
-1. 1. - 1. - 1 .  1. - 1 .  

. 0.3600 
0.4087 
0.3350 
0.3SrOO 
0.3787 
0.3350 
0.3350 
0.3737 
0 . 3 6 0 0  
0.3787 
0.3350 
LI .4oe7  
0.3350 
0.4087 
0.3600 
0.3350 
0.3600 
0.4687 
0.3787 

X ' X  I N V E R S E  

0.0547 0.0031 0.00-11 -0.0031 a.0031 0.0078 -0.0031 
0.0031 0.0538 0.0038 -0.0038 0.0038 -0.0031 -a.oo38 

-0 .0031 -0.0038 -0.0038 0.0538 -0.0038 0.0031 o.oa3a 
o .0031  0.0038 0 . 0 0 ~  -0,0038 0.0538 -0.0031 -0,0038 

-0.0031 -0.0038 -0.0038 0.0038 -0.003~: 0.0031 0.0538 

0.0031 0.0038 0,0536 -0.0038 0,0038 -0.0031 -0.0038 

0.0048 -0.0031 -0 .0031 0.0031 -0 .0031 0.0547 0.0031 

DET I IX 'X]  = 0.8192000000D 09 

C-EPFTCIENCY= 9 8.8 

AVEEBGE V A H I P . N C E  OF C O E P F I C I E N T S ~  0.05YO 

P - E F P I C I E N C Y =  37.4  

E A X J B U E  VARIANCE OF F I T T E D  RESPONSE= 0.5000 



DESIGN L 6.19. 2 )  

12 
13 
14 
15 
1s 
23 
24 
25 
26 
34 
35 
36 
45 
46 
56 

SS 

A L I A S  M A T R I X  

0 
0.0125 
0,0500 
0.0125 
0.1000 
0.0500 
0, 0750 

-0. G750 
0.1000 

-0,0125 
0. 7375 

-0.0250 
-0.0500 

0 ,  OSCO 
0, I000 
-0.0750 

0. 07.69 

t 
-0 .0850 

0.0600 
-0 .0850 
-0.0800. 

0.0600 
0.2900 
0.1100 
0.5200 

-0 .1150 
-0,1350 
-0.0300 

0.1400 
0.4500 
0.3200 

-0.0900 

0.7687 

2 
-0.0850 

0.2606 
o:r 150 
0.5200 

-0.1400 
Q.0900 

-0,0900 
-0.0800 

0.0850 
0.2650 

-0.0300 
0.1400 
0.0600 
0.3200 

-0.4 900 

0.8447 

3 
0- 2850 

-G. 0GOO 
-0.1150 
-0.1200 

O . l U O 0  
.-5.0900 
0.2900 

-0.1200 
0.1150 

- 0.0650 
-0.1700 
0.0600 
0.3400 - 0.3200 
0.0900 

0.5147 

4 
0.1150 

-0.1400 
-0.0850 

0.5200 
0.2600 
0.29CG 

-0.0900 

0.2050 
0.0650 
0.3700 

-5 .2600  
-0.14@0 

C. 1200 
-0.ogoo 

0.8167 

0.1200 

5 
0.4875 

-0.0500 
0.4875 

-0 .0500 
-0.0750 

0.0750 
-0.1000 
-0.4875 

0.3625 
0.0250 
0.0500 

-0.0500 
-0.1060 

0.0750 

0.9019 

-0.1000, 

6 
-0 .1150 

0.1400 
0.2850 

-0.1200 
-0.0600 

0.1100 
0.2900 

-0.5200 
-0.0850 
-0.2650 

0.0300 
0.0600 

-0.0600 
-0,1200 
-0.1100 

0.6107 

C O N F O U N D I N G  INDEX= 0.7429 



CESIGN I 6.20. 1) 

6 V A R I d B L E S  7 ?ALRAHI?TERS 20 BUNS 

D E S I G N  M A T R I X  

x ( 1 )  x l 2 )  x 1 3 )  x(4) x ( 5 )  x ( 6 )  VAEiPBNCE OF PITTED R E S P O N S E  

-1 .  1. -1 .  1. 1. -1 .  
1. 1. 1.  1. 1 .  -1. 

-1. 1. 1. - 1 .  1. -1 .  
- 1 .  - 1. 1. - 1 .  -1 .  1 .  
-1.  1. 1. 1. - 1 .  1. 
- a .  -1. -1 .  1 .  - ? .  - 1 .  

1. - 1. - a .  - 1 .  - a .  -1 .  
1. 1. - 1 .  - 1 .  1. 1 .  

-1. 1. 1. -1. - a .  1. 
1. - 1. 1. 1.  - 1 .  -1. 

-1. - 1. - 1. 1. 1. 1. 
1. 1. - 1 .  - 1 .  - 1  * 1 .  

-1. -1. 1. -1 .  1. - 1 .  
1. - 1 .  1. 1 .  - 1 .  1 .  
1. - 1. -1 .  - a .  1. 1. 
1. 1. - a .  1 .  - a .  -1. 
1. I 1. 1. 1. 1. 1. 

- 4  1. - 1 .  - 1 .  -1. -1.  
1. - 1. 1. - 1. 1. - 1 .  

-1. - 1. - 1. 1. 1 .  1. 

X s X  INVEBSE 

0.3500 
0 . 3 5 8 0  
0.3500 
0.3500 
0.3500 
0.3500 
0.3500 
0.3500 
0.3500 
0.3500 
0.3500 
0 . 3 5 0 0  
0.3500 
0.3500 
0.3500 
0.3500 
0.3500. 
0.3500 
0.3500 
0.3500 

0.0500 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0500 0.0 (3.0 0 . 0  0.0 0 .0  
0. G 0.0 0.050C 0.0 0.0 0-0 0.0 
0.0 0.0 0.0 0 .0500  0.0 0.0 0.0 
0.c 0.0 0. Q 0.0 0.0500 0.0 0.0 
0.0 0.0 0.0  0.0 Q.0 0.0500 0.0 
0.0 0.0 0.0 .o.o 0.0  C' . 0 0.0500 

AVERAGE V A R I A N C E  CF COEFFICIENTS= 0.0500 

T - - E F F I C I E N C Y =  100.0 

M A X I H U H  WBRIAWCE OF F I T T E I J  RESPONSE; 0.3500 



1-53 

CESSGN I 6.20. 1) 

ALIAS F i A I F i I X  

0 1 
12 0.0 0.0 
13 0.0 0 .0  
14 0.0 0.0 
15 0 . 0  0.0 
16 0.0 0. 0 
2 3  0 . c, -0 .2000 
24 0.0 Q. 2000 
25 0.C 0.2000 
26 0. c 0.2000 

35 0-u 0.2000 
36 0. L - e .  2000 
U t i  0.0 - 0 , 2 0 0 0  
U6 0 ,  @ -0.2000 
56 0, u U.d.000 

ss 0.3 (1.7200 

34 0.0 c.bc)oo 

2 
0.0 

-0.2000 
0.2000 
0.2000 
0.2000 
0.0 
0.0 
0 . 0  
0.0 
0.2000 
0.2000 
0.2000 
0.2000 

-0 .2000  - 0 . 2 0 0 0  

0,40OO 

3 - 0.2000 
0.0 
0 .6000 
0 .2000  

- 0.2000 
0 .0  
0.2000 
0 * 2 0 0 0  
0.2000 
0 . 0  
0.0 
0.0 

-0.2000 
0.2000 - 0 . 6 O O O  

1.0400 

4 
0.2000 
0 .) 6000 
0.0 

-0.2000 
- 0.fOOO 

0.2000 
0 . 0  
0.2000 - 0.2000 
0.0 

-0.2000 
0 . 2 0 0 0  
0 .  c 
0 . 0  
0 e 2000 

0.7200 

5 
0.2000 
0.2000 

0.0 
0.2000 
0.2000 
0.2000 
0.0 

-0.2ouo 
-0.2000 
0.0 

- 0 . 6 0 0 0  
0.0 
0.2000 
0.0 

0.7200 

-0.2000 

6 
0.2000 

- 0.2000 
-0.2000 

0.2000 
0 . 0  
0 . 2 0 0 0  

, -o*  2000  
-0.2000 
0.0 
0.2000 

-0.6000 
0.0 
0.2000 
0.0 
0.0  

0.7200 

CC NFCll NDlEG IN EEX= 0.7 200 
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CESIGN I 7. 8. 1) 

7 V A F . I & i X E S  8 PARAMETERS 8 RUBS 

DESIGN 8ATRIX' 

X ( 1 )  X ( 2 )  X ( 3 )  X(4) X ( 5 )  X l b )  X ( 7 j  V A R I A N C E  O F  P I T T E D  RESPONSE 

-1. 1. -1.  1. 1 .  1.  -1 .  
1. - 1 .  1. 1. 1. - 1 .  - 1 .  
1. 1. - 1 .  -1.  1. -1. 1. 
1. -' I .  -1 .  1. -1. 1. 1. 

- 1 .  1. 1. 1 .  -1. -1 .  1. 
-1. - 1 .  - 1 .  -1.  -1. - a .  -1 .  

1. 1. 1. -1 .  -1.  1.  -1 .  
-1 .  -1.  1. -1. 1. 1. 1. 

1 .oooo 
1.0000 
1.0000 
1.0000 
1.0000 
1 .oooo 
1.ooco 
1. OOOO 

X ' X  INVERSE 

0.1LSO 0.0 0.0 0.0 
0.0 0.1250 0.0 0.0 
0.0 0.0 0.1250 0.0 
0. 0 0.0 0.0 0.1250 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0 .o 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

0.0 0.0 c .  0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0 .1250  0.0 0.0 
0.0 0.1250 0.0 

0 .o 0.0 0.0 
0.0 0.0 0.1250 

DET 4X.X)  = 0. 16777216003 08 

D-EFFICIENCY- 100.0 

AVEl iAGE V A R I A N C E  O F  COEFFICIENTS= 0.125G 

T- E PFi CI E N S Y =  

E A X I ? I U M  Y A H I A N C E  OF FITTED RESPONSE= 1.3000 

10 0.0 

0.0 
0.0 
0.0 
2.0 
0.0 
0.0 
0.0 
0.1250 
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EESIGN ( 7. 8. 1) 

A L I A S  M A T R I X  

0 1 2 
12 0.0 0.0 0.0 
13 0.0 0.0 0.0 
14 0.0 0.0 - 1.0000 
15 0.0 0.0 0.0 
16 0.0 0.0 0.0 
17 0.0 0.0 0.0 
23 0.0 , 0.0 0.0 
24. 0.0 -1.0000 0.0 
25 0.0 0.0 0.0 
26 0 . c  0.0 0.0 
i7 0.0 0.0 0.0 
34 0.0 0.0 0.0 
35 0.0 0.0 - -1.0000 
36 0.0 0.0 5.0 
37 0 . 0 ~  -1.ooco 0.0 
45 0.0 0.0 0.0 
46 0.0 0.0 0.0 
47 0.0 0.0 0.0 
56 0.0 -1.0000 0.0 
57 0.0 0.0 0.0 
67 0.0 0.0 -1.9000 

ss 0.0 3.0000 3.0000 

C C N I O U N D I N G  I N E E X =  3.0000 

3 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0. 0 

0.0 
0.0 
0 . 0  
0. G 
0.0 
0. e 
0.0 

0.0 
0. c 
0. e 
0 - 0  

3.0000 

-1.0000 . 

~1.0000 

- 1.0000 

4 - 1.0000 
0.0 
0.0 
o s 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

3.0000 

-1.0000 

-1.0000 

5 
0.0 
0.0 
0.0 
0.0 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0,o 
8 .  ID 
F.0  

3.0000 

-1 .0000 

-1.0000 

- 1" 0000 

6 
0.0 
0.0 
0.0 

0.0 
0.0 
I). 0 
0.0 
0. 0 
0.0 

- 1.0000 

-1.0000 - 1. ocoo 
0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 

3. GO00 

7 
0.0 
-1.0000 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

3.00CO 

-1.QGGO 

- 1 * 0000 

L 
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DESIGN I 7. 8 .  1) 

7 V A A I A J L E S  8 PARAPIETE2S 9 B U N S  

O E S I G N  MATRIX 

X f 1 1  X ( 2 )  X ( 3 )  X ( 4 )  X ( 5 )  X 6 6 )  X ( 7 )  V A R I A N C E :  OF F I T T E D  RESPPRSE 

-1. 1. 1. -1. -1. 1. 1. 
1. -1. -1. -1. -1. 1. -1. 
1. 1. -1. -1. 1. -1. 1. 

-1. 1. -1. 1. -1. -1. -1. 
-1. 1. -1. -1. 1. 1. -1. 
-1. - T .  -1. 1. 1. 1. 1. 

1. 1. 1. 1. 1. 1. -1. 
-1. -1 .  1. -1. 1. -1. -1. 

1. -1. 1. 1. -1. -1. 1. 

0.1172 
0.0078 

-0.0078 
o.olJ7c 
0.0078 

-0.0078 
-0.0073 

0.0078 

X p X  I N V E R S E  

0.0078 -0.0078 
0.1172 0.0078 
0.0078 0.1172 

-0.0078 0.0078 
-0.0078 0.0078 

0.0078 -0.0078 
0.0078 -0.G078 

-0.0078 0.0078 

0.0078 
-0.0078 

0.0073 
0,1172 

0.0078 
0.9078 

-0.0078 

-0.o07a 

0.0079 
-C.0078 
0.0078 

-0.037d 
0.1172 
0.0078 
c. 0078 

-c .0078 

BET 1X'Xl= 0.33554432009 08 

D - E P P L C I Z I C Y =  96.9 

A V E R A G E  VLRZANCE OF COEFFICIENTS= 0.1172 

T-EET?CIEICY= 94.8 

N A X I M U H  V A X I A N C E  OF F I T T E D  RESPONSE= 1.0000 

-0.0078 
0.0078 

-0.0078 
0.0078 
0.0078 
0. 1172 

-0.0078 
0.0078 

0.9687 
0.9687 
0.9687 
0.968'9 
0.5000 

0.9687 
0.9607 
0.7187 

0.9687 

-0.0078 
0.0078 
-0.0078 

0.0078 
-0.0078 

0.1172 
0.0078 

0 .oo i -e  

0.0078 
-0.0078 

0.0078 
~rJ.0078 
-0.0078 
C.007e 
0.0078 
0.1172 
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CESIGN ( 7. 9. 1) 

A L I A S  M A T R I X  

12 
13 
14 
15 
16 
17 
23 
24 
25 
26 
27 
34 
35 
36 
37 
lr5 
46 
47 
56 
57 
67 

SS 

0 
-0. 1250 
0.1250 
0 . 1 L S O  

-0 .1250  
-0- 1250 
0.1250 

-0.1250 
- 0 . t 2 5 0  
0.1250 
0.1250 

-0. 1250 
0. 1250 

-0.1250 
-0. 1250 
0. 1250 

-0.1250 
-0. 1250 
0.1250 
0, 1250 
-0. 1250 
-0.1250 

1 
0.1250 

-0.1250 
-0 .1250 

0.1250 
0.1250 

-0.1250 
0.1250 
0.1250 
0.8750 

-0.1250 
0.1250 
0.8750 
0.1250 
0.1250 

-0.125@ 
0.1250 
0.1250 

-0.1250 
-0.1250 
0.1250 

-0.8750 

0.3281 2.578 1 

C C N F C U N D T N G  Z N I ; E X =  2 . 5 7 6 1  

2 
-a. 1,250 

0.1250 
0.1250 
0.8750 

-0.1250 
0.1250 

-0.1250 
-0.1250 
0.1250 
0.1250 

-0.1250 
0.1250 

-0.1250 
0.8750 
0.1250 
-0.1250 
- 0 . l i S O  
-0.8750 
0.1250 
-0.1250 
-0.1250 

2.5781 

3 
0.1250 
-0.1250 
0.8750 
0.1250 
0.1250 

-C. 1255 
0.1250 
0. 1250 

-0. 5250 
G. 6750 
0. 1250 

-0. ?250 
0.1250 
8.1250 

-0.1250 
0. 1250 
0.1250 

-C. 1250 
-0. ?250 

0.1250 

5.578 1 

-0.87 50 

4 
0.1250 

-3.1250 
0.1250 
0.1250 

-0 e 1250 
0.1250 
0.1250 

-0.1250 
-0. 1250 

-0.1250 
0.1250 
0.1250 

-0.1250 
0.1250 
0.1250 

-0.1250 
0.8750 
0.1250 
0.1250 

2.578 1 

0. a750 

-0.a7:o 

5 
0.8750 
0.1250 
0.125C 

-0.1250 
-0.1250 
0.1250 

-0.1250 
-0.1250 
0.125C 
0. 1250 

-0.1250 
0.1250 

-0.1250 
-0. 1250 
-0.8756 
- 0 . 1 2 5 0  
0.8750 
0. 1250 
0.1250 

-0.1250 
-0.125c 

2.5781 

6 
-0.1250 
0. ?250 
0. 1250 
-0.1250 
-0. 1250 
-0.6750 

0.8750 
-0. 1250 
0. I250 
0. 1250 
-0. 1250 
0. 1250 
-0.1250 
-0.1250 
0.1250 
0.8750 

-0.1250 
0.1250 
0.1250 

-0. 1250 
-0.1250 

2 . 5 7 0 1  

7 

0. 1250 - 0.125@ 
-0 .1L50  
0.1250 

-0.6750 
-0.1250 
0.1250 

- 0.875C -@. 7 2 5 @  
-0. 1250 
0. I250 

-0.1250 
-0.8750 
0.1250 

-0.1250 
0.1250 
0.1250 
-0.1i50 
-0.1250 
0.125C 
e. 1250 
2.5781 
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E E S I G N  1 7’. 9. 2 )  

7 V A R I A B L E S  8 PBRAHZTEBS 9 RIJNS 

DESIGH NATRIX 

X ( 1 )  X 1 2 1  X ( 3 )  X d Q i )  X ( 5 )  X(6) X 3 7 )  V A R I A N C E  CF PITTED RESPONSE 

-1. -1 .  -1 .  1. 1. -1. 1. 
1. 1. 1. 1. 1 .  1. - 1. 

-1. 1. -1.  1. -1. - 1 .  -1. 
1. - 1 .  -1. - 1 .  - 1 .  1 .  -1. 

-1. - 1 .  1. -1. 1. - 1 .  -1. 
1. 1. 1. - 1 .  -1. -1.  1. 

-1.  1. - 7 .  -’ .. 1. 1. 1. 
- 1 .  - 1 .  1. 1. -1 .  1 .  1. 

1. -1. -1 .  1. 1. -1. 1. 

0.1172 

0.0078 

-0.0078 
-0 .0078 

0 .0078  

0.007a 

o.cx7a 

-0,007a 

X’X I N V E R S E  

0.0078 
0.117% 

- 0 . 0 0 7 8  
-0.0078 

0.0078 
0 .0078  

-0.0078 
0.0078 

o.cg?a 
-0.0078 

0.1172 
-0.0078 

0.0078 
O.CO78 

-e .  0 0 7 8  
0.0978 

CET / X * X )  = 0. 3355~443200B 08 

E- EEfI CX.FNCY= 9 6.9 

0.0078 -@.0078 
-0.3078 0.3078 
-0.0078 G.0078 

0.117% rJ.0073 
o.oo7a 0.1172 
0.0078 -0.0078 

o.aost3 -0.0078 
- 0 . 0 0 7 8  0 . 0 0 7 8  

A V E 3 h G E  V A X A N C E  C F  C G Z F F I C I E H T S =  0. 1172 

T - E P E I C I E N C Y =  9u. G 

FAXTdUFl VB3IANCE OF FITTED R E S P O N S E =  1.0000 

-0 .007  8 
3 . 0 0 7 8  
0.0978 
0 .0079 

0.1172 
0.0078 

-0.037 9 

-0.oo7a 

0.5000 

0.9687 
0.9687 
0.9687 
0.9687 
0.9687 
0.9687 
0.7187 

0.9687 

0.0078 

-0.OQ78 
-0.0078 

0.0078 
0.1172 
0.0078 

-9. oo7a 

0.007a 

-0.0078 
C . O C 7 e  
0.0078 
0.0078 

-0.0078 
-G.0076 

0.0078 
C.1172 
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t E S I G N  ( 7. 9. 2 )  

A L I A S  MATRIX 

0 
12 0. 1250 
13 0.1250 
14 -0. 1250 
15 -0.1250 
16 0. 7250 
17 -0. 1250 
23 0. 1250 
24. 0.0000 
25 0.0000 
26 0.0000 
27 -0. 0000 
34 0. COO0 
35 0.0000 
36 0.0000 
37 -0.oqoo 
45 0.1250 
46 -0.0000 
47 0.0000 
56 -0.0000 
5 7  0.0000 
67 -0.1250 

SS 0.1406 

1 
-0.1250 
-0.1250 
0.1250 
0.12SG 

-0,1250 
0.1250 
0.8750 
0.0 
0.0000 

-0.000G 
0.0000 
0.000c 
0.0 - 0.0000 
0.0000 
0.8fSO 
0.0000 

- 0 .  ooco 
O . O O O 0  

-0. 0000 
-0.8750 

2.3906 

C C N E O U N D I N G  IBCEX= 2.8192 

2 
-0.7250 
0.8750 
0.1250 
0. 1250 

-0.1250 
0 .1250  

-0.1250 
0.0000 
0.0000 

-0.0000 
0.0000 

0.0000 
-0.0000 

0. 0000 
-0.1250 

0.0000 
-1.0000 
1.0000 

-0.0000 
0.1250 

2.8906 

a.oooo 

3 
0.8750 

-0.1250 
6 .1250  
0. 1250 

-0.1250 
0. 1256 

-0.1250 
0.0 
0.0000 

-0. GO00 
0.0000 
0.0000 
0.0 

-0.0000 
0.0000 

-0.1250 
1.0000 

-0. 000D 
0.0000 

-1.0000 
0.1250 

2. E906 

4 
0.1250 
0. 1250 

-0.1250 
0.8750 
0.1250 

-0. 1250 
0.1250 
0.0 - 0.0000 
0.0000 - 1. ooco 

-0.0000 
0.0 
1.0000 

-0.0000 
0.1250 

-0.0000 
0.0000 

-0.00!30 
0.0000 

-0.1250 

2.8906 

5 
0.1250 
0 .125C 
0.9750 

-0.1250 
0.1250 

-0 .1250 
0.1250 
-0. oouo 
-0.0000 

1.0000 
-0.0000 
-0.0000 

0.0000 
-1 .@OOO 

0.1250 
-0.0000 

0.0000 
-0.0000 
O.OO@O 

-0.1250 

2.8906 

-o.ocoo 

6 
-0.1250 
-0. 1250 

0. lZSU 
0. 1250 

-0.1250 
-0.8750 
-0.1250 

0. coo0 
f . 0000 

-0.0000 
0.0000 
1. GGOQ 
0.0000 
-0.QCOO 

0.0000 
-0. 1250 

0.0000 
-0.0000 

0.0000 
-0.0000 
0.1250 

2.5506 

7 

0. 1250 
@.125@ 

-0.1250 
-0.1250 
- G .  5750 
-c. 1250 
0.1250 

-1.0000 
-0.0000 
0.00GG 

-0.0000 
-0. 0ooc 
-1.0000 @. O@O@ 
-0.0000 

0. 1250 
-C.DOCG 

0.0000 
-0.0000 
0.0000 

-0. 1250 

2.6906 



160 

1. - 1 .  - 1 .  1. 1. -1. - 1. 
-1. - 1 .  1. -1. 1. 1. -1 .  
-1. 1. -1. 1. - 7 .  1. 1. 

1. -1. - 1 .  -1. -1 .  1. -1. 
1. 1. 1. -i. - a .  - 1 .  1. 

-1 .  - 1 .  1. 1. -1 .  - 1 .  - 1 .  
1. - 1 .  1. 1. 1. 1. 1. 

-1 .  - 1 .  - 1 .  -1. 1. -1. 1. 
-1. 1. 1. 1. 1. - 1 .  - 1 .  

1. 1. -1. - 1 .  1. 1. -1. 

0.1094 
0.0 
0.3156 
0.0 
0.0 

-0.0 156 
0.3 
0.0156 

X ' X  I N V E R S E  

0.0 0.0156 0.0 0.0 -0.0156 
0.1094 0.0 0.0156 0.0156 0.0 
o.,o 0.1094 0.0 0.0 0.0156 
0.0156 0.0 0.1094 -G.0156 0.0 
0.0156 0.G -0.0156 0.1094 0.0 
0.0 0.C156 0.0 0 .0  0.109Y 

-0.0156 0.C (3.0156 0,0156 0.0 
0.0 -0.0156 0.0 0.0 0.0155 

rE?iXaX)= 0.671088640GD 08 

D - E I ' Y I T i E N C Y -  95.  1 

AVERAGE V A X I A N C E  3F < I  6EFICIENPS= O.lC?& 

0.7500 
0.750G 
0.9375 
0.6875 
0,9375 

0.9375 
0.9 375 
0.6 875 
0.6875 

0.6875 

0.0 0.01.56 
-0.0156 0.0 

0.0 -C.C156 
0.G156 0.0 
0.0156 0.0 
0.0 0.0156 
0.109Q 0.0 
0.0 0.1GS4 

T - E F F T C I E N C I =  91.4 
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ALIAS t lATR3.X 

12 
13 
14 
15 
16 
17 
23 
24 
2 5  
26 
27 
24  
3 5  
3 6  
37 
45 
46 
47 
56 
57 
57 

ss 

C 
0.0 
O.@OOO 

-0. 3750 

0 .  7250 
G. 0 
0.0 

0. a 

e. o 
-0 ,2500 

0 , U  
0.2500 
0. 1250 
0. e 

- 0 . 3 7 5 0  
0.0 
0 - 0  
u.0000 

0.3 

0 . 0  

a. 0 

- 0.2500 

1 
-0.25C@ 

0.0 
0.0 
0.2500 
0.0 

- C .  3000 
0.25@@ 

-0.7500 
0.0 

-0.2500 
0.0 
0.0 

-0.25C0 
0.0 
1.0000 
0.7500 
0.0 - 0.0000 
0.2500 
0.0 

-0.0000 

0 , 5 O O O  2.5000 

2 
0.0 
0.0000 

0.0 

0.0 
0.0 
0.0 
0.2500 
0.0 

-0,2500 
-0 .1250 

-0.6250 

-0.6 250 

-0 .3250 

0.0 

0.0 
0.0 
0.0000 
0.0 
0.0 

0.0 

1.5000 

-0.7500 

7 - 
0.2500 
0.0 
G. 0 

c. 0 
1.0000 

-0.2500 
-0.2500 

-0.2500 

0. G 
-0.7500 

0 .  e 
e .  0 
0.2500 
0.0 

-0.0000 
0.2500 
0.0 

-e* 0000 
0.7500 
8.0 
0. 0000 

2.500~ 

4 - 0.7500 
0.0 
0.0 
0.7550 
0.0 
a.oooo - 0.2500 

-0.2500 
0.0 
0.2500 
0.0 
0.0 
0.2500 
0.0 

-0.0005 
0.2500 
0.0 

-0 .000 0 
-0.2500 

0.0 
1.0000 

2.5000 

5 
0.0 

-0.0ooc 
0.625C 
0 . 0  
0.1250 
0. 0 
0.0 
0.0 

-0.25oc 
0.0 

-0.7500 
0.1250 
0 - 0  
5.625G 
0.0 
0.0 

0.0 
0 . 0  

0.0 

1 e 5 O O C  

-0.0000 

-0.2500 

6 
-G. 2500 
0, C 
0.0 
0,2500 
a. o 

-0. eo00  
-0.7500 

0.2500 
G. c 

-0 .2500 
0.0 

0.7500 
0"  0 
0 .  0000 - 0.2500 
0,Q 

0 .2500  
0.0 

-c. OCOO 

2.5L'UO 

a. o 

1. eooo 

7 
6.0 
1 (. oeeo 
0,3750 
0,Q 

-8.1250 
0 - 0  
0.0 
0.0 

0.0 
-0.7500 

-0,2500 
-0.1250 
6.0 
0.3750 
0.0 
0 . 0  
'B.0000 
6.0 
6.0 
0.2500 
e. c 
3 L 0@@0 

CG NFOUND I NG L ri SEX= 2.2 657 
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C E S l G t J  [ 7.10. 21 

7 V A R I A B L E S  8 P A B A B E T E R S  10 BUNS 

DSSIGN MATfi.IX* 

X l l )  X ( 2 )  X(3) X ( 4 )  X ( 5 )  X ( 6 )  X ( 7 )  V A R I A N C E  OF F I T T E D  fiESPGHSE 

1. 1. I .  -1. -1. -1. -1. 
1. -1. -1. -1. 1. -1. -1. 

-1. -1. 1. 1. -1. 1. -1. 
1. 1. -1. 1. -1. 1. 1. 

-1. 1. 1. - a .  1. 1. 1. 
1. -1. 1. - 3 .  -1. 1. 1. 

-1. -1. -1. -1. -1. -1. 1. 
1. - 1 .  1. 1. 1. -1. 1. 

-1. 1. -1. 1. 1. -1. -1. 
1. -1. -1. -1 .  1. 1. -1. 

0.1094 - 
-0.0156 
0.015b 
0.0 
0.0156 
0.0 
0.0 
0.0 

X ' X  I I V E R S E  

0.0 156 
0.1094 
0.0756 
0.0 
O.i)156 - 
0.0 
0.0 
3.0 

0.0156 
0.G156 
0.1094 
0.0 
,0.0156 
0.0 
0.0 
0.0 

0.0 
0 .o 
0.0 
0.1094 
0.0 
0.0156 
"0.0156 
.0.0156 

0.0156 0.0 
C.0156 0.0 
-0.0156 0.0 
0.0 0.0155 - 
0.1054 0.0 
0.0 0.1094 
0.0 0.0155 
0 .o 0.0156 -. 

DE'; ( X ' X )  = 0.6710886400D 08 

D - E F F I C I E N C Y =  95.1 

P B L B A i E  V A R I A N C E  OF C @ S E P I G I E N I S =  0.1G94 

T-LFPICIENCY; 91.4 

0.9375 
0.5000 
0.9375 
0.9 375 
0.9375 
0.5000 
0.9375 
0.5375 
0.6875 
0.6875 

0.0 
0.0 
0.0 
.O. 0 156 
0.0 
0.01 56 
0.1094 
.0.0156 

0.0 
0.0 
G.0 

-0.0156 
0.0 
0.0156 
-0.0156 
0.1094 

L E X I H O M  V A R I A N C E  OF F I T T E D  RESPONSE= 1.0000 
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G E S I G l i  I 7. IO. 2) 

A L I A S  M A T R I X  

12 
13 
14 
15 
16 
17 
23 
24 
25 
26 
27 
34 
35 
36 
37 
45 
46 
47 
56 
57 
67 

SS 

0 
-0. 1250 
0.0 

-0.2250 
-0.1250 
0.0 
0.1250 

-0. I250 
0. 1250 
0.1150 
0. Q 
a. o 

-O. - t250 
-0.1250 
0.2500 
0. 1250 
0.0 
0.0 

-0.1250 
-0.2500 
-0.1250 
a. 2500 
6.3750 

1 
-0.1250 
0.0 

-0.1250 
-0.1250 
0.0 
0.1250 

-0.1250 
0.1250 

-0.8750 
0.0 
0.0 

-0.1250 
-0. 1250 
-0.7500 
0.1250 
0.0 
0.0 
0.8750 

-C.2500 

0.2500 

2.3750 

-a. 1250 

C O N P O U N D I N G  INDEX= 2.4107 

2 
0.125U 
0.0 
0.1250 

-0.8750 
0.0 

-0.1250 
0.1250 

-0.1250 
-0.1250 
0.0 
0-0 

-0.e750 
0.1250 

-0.2500 
-0.1250 
0.0 
0.0 
0. I250 
0.2500 
0.7250 
C.7500 

2.3750 

3 
-0. f250 
0.2500 

-0.1250 
-0.1250 
-0.7500 

0.125G 
-0. 1250 - 0.8750 
0,1250 

-0.2500 
-0.2500 
-0.1250 
-0.1250 
0.0 
0.1250 
0.2500 

-0.2500 
-0.1250 
0.0 
0.8750 
0.0 

2.562; 

4 
0.1250 
0.0 
0.1250 
0.7250 
0.0 
0. 8750 

-0.8750 
-0.1250 
-0.1250 
0.0 
0.0 
0.7250 
0.1250 

-0.2500 
-0.1250 
0.0 
0.0 
0.1250 

-0.7500 
0. I250 

-0.2500 

2.3750 

5 
-0,8750 
-0.2500 
0. 1250 
0.1250 
-0.2500 
-0.1250 
0.1250 

-0 .1250 
-0.1250 
0.2500 
0.2500 
0.1250 
0. 1250 
0.0 
0.8750 
-0.2500 
-0,7500 

1).?250 
0.0 
0.1250 
0.0 

2.5625 

6 
-0. 1250 
-0.7500 
-0. 1250 
-0.1250 
0.2500 
0.125Q 

-0.9250 
0. 1250 
0.1250 

-0.2500 
0.7500 

-0.1250 
-0.1250 

0, 1250 
0.0 

-#. 750Q 
-0.2500 
-3. 4250 

-0. ti250 
0.0 

0.0 

2.0625 

7 
-0.1250 

0.2500 
0.8750 

-0.1250 
0.2501) 
0, 1250 

-0.1250 
0. 1250 
0.1250 
0.7500 

-0.2500 
-0.1250 
0.8750 
0.0 
0.1250 
0.2500 

-0.2500 
-0.1250 
0.0 

0.0 

2.5625 

-0. 1250 
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EESIGN I 7. 10. 31 

7 V A R I A B L E S  8 PA9AMETEFS 10 FUNS 

EESIGN EATRIX 

X ( 1 )  X ( 2 )  X ( 3 )  X ( 4 l  X(5) X(6)  X ( 7 )  V A R I A N C E  O F  FITTED RESPONSE 

-1. 1. 1. -1. 7 .  - 1 .  1. 
1. -1. -1. -1. 1. 1 .  1. 
1. - 1 .  1. 1. 1. 1. -1. 
1. 1. 1. -1. -1. -1. - -  I _  

- 1 .  1. - 1 .  1. 1. 1. -1. 
-1. -1. -1. -1. -1. -1. - 1 .  
-1. -1. 1. 1. -1. 1. 1. 

1. 1. -1. 1. - 2 .  -1. 1. 
-1. -1. 1. 1. 1. -1. -1. 
-1. 1. 1. -1. -1. 1. -1. 

X ' X  INVERSE 

O.lG94 0.0156 0.0 
0.0156 0.\1094 0.0 
0.0 0.0 0.1094 

-0.0156 0.0155 0.0 
0.0 0.0 0.0156 
0.0 0.0 0.0156 
0.0 0.0 0.0156 
0.0156 -0.0156 0.C 

-0.0 154 
0.0156 
0.0 
0.1094 
(1.0 
0 .o 
0.0 - 
0.0156 

- 

0.0 0.0 
0.0 0.0 
0.0156 0.0156 
0.0 0.0 
0.1094 -0.0156 

-0.0156 0.1094 
-0.0156 -0.0156 
C . U  0.0 

CET / X ' X l  = 0.67108864UOD 08 

C - E F F I C T E F C Y =  95.1 

AVEBAGE V l i B I A W C E  G F  CO%PFICIENTS= 0,1C9Y 

T-EFFICIENCY = 9 1.4 

0.8750 
0.0150 
0.6875 
0.6875 
0 .8750  
0.8750 

L'. 8750  
0.6875 
0.6875 

0. a * i s o  

0.0 
0.0 - 
0.0156 
0.0 

-0.01 56 
-0.0156 
0.1094 
0.0 

0.0156 
.O. 0 156 
0 .o 
0.0156 
0.0 
0.0 
0.0 
0.1094 

I Y A X I B U M  V A B I A N C E  OF F I T T E D  iiESPQNSE= 1.0000 



165 

CESIGN I 7.10. 3) 

B L I A S  BhTRIX 

12 
13 
1 4  
15 
16 
a7 
2 3  
24 
25 
2 6  
27 
34 
35 
3 6  
37 
45 
4.6 
47  
56 
57 
67 

SS 

0 
0 - 0  

-0.2 500 
0.0 
0.0 
9.0 
0.55CO 
0 . 0  

-0. coo0 
-0.1500 
-0.3750 

0. 0 
0, i 
0. G 
0. c 
-0.2500 
-0.0000 
0. 4250 
0.0 
0. 3750 
0.0 
0.0 

1 
0.0 
0.2500 
0.0 
0.0 
0.0 - C .25QO 
0.0 
0. ooco 
-0.7500 
-0.6250 

0.0 
0.0 
0 . 0  
0.0 

-0 .7500 
-0.0000 
-0.1250 

0.0 
0,6250 
0.0 
0.0 

0. C469 2.0469 

2 
-0.3750 
0.0 
0.1250 

-0.6250 
-0.6250 

0 .o 
0.0000 
(1.0 
0.0 
0.0 

-0.2500 - 1.0000 
-0.250O 
-0.2500 

0.0 
0.0 
0.0 
0.0000 
0.0 
0.0000 

-0.7500 

2.6875 

a 

0.0 
-0.2500 
0.0 
0 . 0  
0.0 

0.0 

4 

-0.7500 

-1.0000 - 3.2500 
-0 .37si )  
0.0 
0.0 
0.0 
0.0 

-0.25ilG 
0.0000 
0.1250 
0.0 

-0.6250 
0,O 
0.0 

2.2953 

4 
0.3750 
0.0 

-0.1250 
-0.3750 
-0.3750 

- 1.0000 0 .0  

O.C 
0.0 
0.0 
0.2500 
0.0000 
0.2500 
0.2500 
0 . 0 
0.0 
0.0 

9.0 
-0,0000 

-1.0000 
-0.2500 

2.6875 

5 
-0.6 250 

0.0 
-0.1250 
-0.3750 

0.6250 
0.0 

-0.0000 
0.0 
0-  0 
0.0 
0.2500 
0.0000 
0.2500 

-0.7500 
0.0 
0.0 
0.0 

0.0 
-1.0000 

-0.0000 
-0.2500 

2.6875 

6 
- 0 . 6 2  50 

0.0 
-0. 1250 

C .  6250 
-0.3750 
0.0 

-0.0000 
0.0 
0.0 
0.0 
-0.7500 

0" 0000 
-0.7500 

C. 2500 
0.0 
0.0 
0.0 

-0.0000 

-0.0000 
-0.2500 

2.1875 

0. a 

7 
0.0 

-0.7500 
0.0 
c. 0 
0.0 

-0.2500 
(1.0 
0.0000 
0.2500 

-0.6250 
0.0 
0.0 
0.0 
0.0 
0.2500 - 1.0000 

-0.1250 

-0.3150 
0.0 

0.0 
0.0 

2.2969 

C C H F O U N D I H G  I B t E X =  i . lr129 
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CESTGN 6 7.11. 11 

7 VBKIABLES 8 E A  R A  IF: TE RS 1 1  R U N S  . 
D E S I G N  MBTRIX 

-1. 
-1. 
-1.  

1. 
1. 

-1. 
1. 
1. 

-1. 
1. 

-1. 

X ( 2 )  

- 1. 
1. - 1. 
1. - 1. 

-1. - 1. - 1. 
1. 
1. 
1. 

O.lOr(2 
0.0208 
0.0208 

-0.0208 
0.0208 

-0.02G8 
-0. G208 
-0.0208 

x 13) 

1 .  - 1. 
1. 
1. 
1. 

- 1. 
- 1 .  
-1. 
-1.  

1. 
1. 

x 14) 
- a .  
-1. 

1. 
1. 

-1 .  
1. 
7 .  

-1. 
- 1 .  
- 1 .  

1 .  

X ' X  I N V E R S E  

x (51 

-1. 
-1. 
-1. 

1 .  
1. 
1. 

- 1 .  
4 .  
1. 

-1. 
1. 

0.0208 
0.1042 
0.0208 

-0.0208 
0.0208 

-0.0208 
-0.0208 
-I). 0 2 0 8  

0.0208 
0.0208 
0.1U42 

-9.0258 
O.02C8 

-0.6268 
- 0  .@2Q8 
--0.0208 

x (6) 

1. 
7 .  
1. 
1. 

-1 .  
1. 

- 1 .  
1.  

- 1 .  
- 1 .  

- 1  
a .  

-0.0208 
-0.0208 
-0.0208 

0.1042 
-0.0208 

0.0208 
0.0208 
0.0208 

x (7) 
-1 .  

?. 
-1 .  - 1. 

1. 
1. 
1. 

- ? .  
-1. 

1. 
1. 

V A R I A N C E  OF PITTED RESPONSE 

0.6667 
0.6665 
0. S667 
0.7500 
1.0000 
0.6667 
0.7500 
0.7500 
0.6667 
0.75CO 
0.6667' 

0.0208 
0.0208 
0.0208 

-0 .Q208 
0.1042 - 0.0208 

-0.020R 
-0,0208 

DET ( X ' X )  = 0. 14332723200 09 

E - E F F I C I E N C Y =  9 5 . 1  

A V E R b G E  V A R I A N C E  O F  C G E F F I C I E N T S =  0.10Y2 

I -EPPZCIENCY= . 8 7 . 3  

-0.0208 
-0.0208 
-0.0208 

0.0208 
-0.0208 
0.1042 
0.0208 
0.0208 

-0.0208 
-0.0208 
-0.0208 

0.0208 
-0.0208 

0.0208 
0.1092 
0.0208 

-0.0208 
-0.0208 
-0.0208 

0.0208 
-0,0208 

0.0208 
0.02CB 
0.1042 

HAXIHUB V A S 1 k N C . E  OF PITTED RESPOWSE= 2.0000 
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A L I A S  UATRIX 

12 
i 3  
1 4  
15 
16 
17 
23 
24 
25 
25 
27 
34 
35 
36 
37 
45 
lr6 
47 
56 
57 
67 

ss 

0 
-0. COO0 

0.0000 
-0.0000 

0.0000 
0.0000 
0.0000 
0 .3333  

-0. '1667 
0.1667 
0. 1667 
0.1667 
0.1667 

-0.1667 
-0.1667 
-0.1667 

0. 1667 
0 . 3 3 3 3  
0.1667 

-0.1667 
-0.3333 
-0. 1667 

0. 6667 

1 
-0.0000 

0.0000 - 0.0000 
0.0000 
0.0000 
o.ooco 
0.6667 
0. 1667 

-0.1667 
-0.166- 
-0.1667 
-0.1667 

0.1667 
0.1667 
0.1.667 

-0.1667 
0.6667 

-0.7667 
0.1667 

-0.6667 
0.1667 

1.6667 

2 
-0.0000 

0 . 3 3 3 3  
0 . 3 3 3 3  

-0 .3333 
-0 .3333  
- 0 . 3 3 3 3  

0 .3333  
-0.1647 

0.1667 
0.1667 
'0.1667 
0.5000 
0.1667 

-0.5000 
0 .  1 b6'1 
0 .5000  

-0.0000 
-0.1667 

0.7667 
-0.6667 
-0.5000 

2 .3333  

CONFOUNDING INDEX= 2 .2381  

a 
0 . 3 3 3 3  - 0.0000 

- 0 . 3 3 3 3  
0 . 3 3 3 3  
0 . 3 3 3 3  
0 .3333  

- 0 . 3 3 3 3  
0 .5000 
0.1667 

-0.5000 
0.1567 

-0.1667 
0.1667 
0.1667 
0.1667 
0.1667 
0.0000 

-0.5000 
0 . 5 0 0 0  
0.0667 

-0.1667 

2.3333 

4 
0 .3333 

-0 .3333  
-0.0000 
- 0 . 3 3 3 3  

0 .3333  
-0 .3333  

0.6667 
-0.1667 

0.5000 
-0.1667 
-0.1667 

0.1667 
0. 1667 
0.1667 

-0.5000 
0.1667 
0 . 3 3 3 3  
0.1667 

-0.5000 
0.0000 

- 0 . 5 O O O  

2 .3333  

5 
- 0 . 3 3 3 3  

0 . 3 3 3 3  
-0 .3333 
-0.0000 

0 . 3 3 3 3  
- 0 . 3 3 3 3  

0.OOOG 
0.50'20 

-0.1667 
0.1667 

-0.5000 
0.1667 
0,1667 
0.5000 

-0.1667 
-0.6667 

0.1667 
0.1667 
0 . 3 3 3 3  

-0. 1667 

2 . 3 3 3 3  

0.5000 

6 
-0 .3333  

0 .3333  
0 . 3 3 3 3  
0 . 3 3 3 3  

- 0 . O O O G  
0.3333 

-0.6667 
-0.1667 
0. 1667 

-0.1667 
-0.5000 

0.1667 
0.5000 
0. 1667 

-0. 1667 
-C. 5000 
-0 .2333  
-0 .5000 

0.  1667 
-0.0000 

0.1667 

2 . 3 3 3 3  

7 - 0 . 3 3 3 3  
0.3133 - 0 .3333  

-0 .3333  
0 .3333 

-0.0000 
0.0000 

-0.1667 
-@.5@@@ 
-0 .5000  
-0.1667 
- G .  50GO 
0.5000 

-0.1667 
0.1€67 
0.1667 

-0.6667 
-0.1667 
-0.1667 

0 . 3 3 3 3  
0.1667 

2 .3333  
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CESIGM I 7 .12 .  1 )  

7 Y & R l A B L E S  l3 PARABETERS 12  R U N S  

i E S  IGN H A T R I K  

X ( 1 )  X 6 2 1  X13) X ( 4 1  X ( 5 1  Y ( 6 )  X ( 7 )  VARIANCE OF T'ITTED RESPONSE 

1. I .  -1. 1.  - 1 .  1 .  - 1. 
1. -1 .  1. 1 .  - 1 .  1 .  1 .  

- 1 .  I .  1. 1 .  - 1 .  -1 .  -1 .  
1. - - I .  1. -1. 1. 1. -1. 

-1. 1. - a .  - 1 .  1. 1. 1. 
- 1 .  -1 .  1. 1. 1. - 1 .  1 .  
- 1 .  -1. -1.  -1 .  - 1 .  -1.  - 1 .  

1 .  ?. 1. -1. 1. - a .  -1. 
1 .  - 1 .  -1. - 1 .  - 1 .  -1.  1. 

-1. -1. - a .  1. 7 .  1. - 1 .  
1. 1. -1. 1. 1. - 1 .  1. 

- a .  1. 1. - a .  - 1 .  1 .  1- 

0.0833 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

X ' X  INVERSi3  

0 .'o 
0.0833 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.0 
0.0 
0.0833 
0.0 
0.0 
s3,o 
0.0 
0.0 

0.6667 
0.5667 
0.6067 
0.6667 
0.6667 
0.6663 
0.5667 
0.6667 
0.6667 
0.6b67 
0.6667 
0.6645 

0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0833 0.0 0.0 0.0 
0 - 0  0.0833 0.0 0.0 
0.0 0.0 0.0833 0 .0  
O , o  0.0 0 . 0  0.0833 
0 , 0 0.0 0.0 0.0 

AVERAGE VARIANCE OF C O E F F I C I E N T S =  0.0833 

T - E I P I C I E N C Y =  100.0 

M A h I B U H  VARIANCE OF PPT! iED RESPONSE= 0.6667 

0. c 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0833 
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BLTBS MATRIX 

0 
52 0.0 
13 0 . 0  

1). 0 

I b  0.0 
17 0.0 
23 0.0 
24 0 . c  
25  0 . 0  
26 0.C 
271 0 . 0  
34 0.0 
35 0.0 

37 0.0 
4 5  0.0 
166 0 . 0  
47 0.0 
56 0.0 
'4 0.c 
67 0 . 0  

ss 0.0 

E 0.c 

- 3 6  o.a 

1 
0 . 0  
0.0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  

- 0 . 3 3 3 3  
0 . 3 3 3 3  
0 . 3 3 3 3  

- 0 . 3 3 3 3  
- 0 . 3 3 3 3  
- 0 . 3 3 3 3  

0 . 3 3 3 3  
0 . 3 3 3 3  

- 0 . 3 3 3 3  
- 0 . 3 3 3 3  

0 . 3 3 3 3  
0 . 3 3 3 3  

- 0 . 3 3 3 3  
- 0 . 3 3 3 3  
- 0 . 3 3 3 3  

1.6667 

2 
0.0 

- 0 . 3 3 3 3  
0 . 3 3 3 3  
0 . 3 3 3 3  

- 0 . 3 3 3 3  
- 0 . 3 3 3 3  

0.0 
0.0 
0 . 0  
oao 
0.0 

-0 .3333 
- 0 . 3 3 3 3  
- 0 . 3 3 3 3  
- 0 . 3 3 3 3  
- 0 . 3 3 3 3  - 0 . 3 3 3 3  
- 0 . 3 3 3 3  
- 0 . 3 3 3 3  

0 . 3 3 3 3  
0 . 3 3 3 3  

1.6667 

3 
- 0 . 3 3 3 3  

0 . 0  
- 0 . 3 3 3 3  

0 . 3 3 3 3  
0 . 3 3 3 3  

- 0 . 3 3 3 3  
0 . 0  

- 0 . 3 3 3 3  
- 0 . 3 3 3 3  
- 0 . 3 3 3 3  
-0. 33.33 

6 . 0  
0.0 
0.0 
0 . 0  

- 0 . 3 3 3 3  
- 0 . 3 3 3 3  

0 . 3 3 3 3  
- 0 .  -3333 
- 0 . 3 3 3 3  

0 . 3 3 3 3  

1.6667 

4 
0 . 3 3 3 3  

- 0 . 3 3  3 3  
0.0 

- 0 . 3 3 3 3  
0 . 3 3 3 3  
0 . 3 3 3 3  

- 0 . 3 3 3 3  
0 . 0  

- 0 , 3 3 3 3  
- 0 .  33.33 
- 0 . 3 3 3 3  

- 0 . 3 3 3 3  
- 0 . 3 3 3 3  

0 . 3 3 3 3  
0.0 
0.0 
0 . 0  

- 0 . 3 3 3 3  
0 . 3 3 3 3  

- 0  s 33 3 3 

0.0 

1.6667 

5 
0 . 3 3 3 3  
0 . 3 3 3 3  

-e. 3 333 
0 . 0  

- 0 . 3 3 3 3  
- 0 . 3 3 3 3  
- 0 . 3 3 3 3  
- 0 . 3 3 5 3  
0.u 

- 0 . 3 3 3 3  
0 .. 3 3 33 

- 0 . 3 3 3 3  
0 . 0  

- 0 . 3 3 3 3  
- 0 , 3 3 3 3  

0 . 0  
- 0 . 3 3 3 3  

0 . 3 3 3 3  
0 . 0  
0 * 0  

- 0 . 3 3 3 3  

1.6667 

6 
- 0 . 3 3 3 3  

3 . 3 3 3 3  
0 . 3 3 3 3  

- 0 , 3 3 3 3  
0 . 0  

- 0 . 3 3 3 3  
-0- 3333 
- 0 . 3 3 3 3  
- 0 . 3 3 3 3  

0 - 0  
G .  3333 

-0.3333 
-0 .3333  

0 . 0  
0 . 3 3 3 3  

- 0 . 3 3 3 3  
0 . 0  

-0 -  3333  
0 . 0  

- 0 , 3 3 3 3  
0.0 

1.6667 

7 
- 0 . 3 3 3 3  
- 0 . 3 3 3 3  

0 . 3 3 3 3  - 6 . 3 3 3 3  
- 0 . 3 3 3 3  

- 0 . 3 3 3 3  - 0 . 3 3 3 3  
0 . 3 3 3 3  
0 . 3 3 3 3  
'3. 0 
0 . 3 3 3 3  

-0 .3333  
0 . 3 3 3 3  
0 . 0  
0 . 3 3 3 3  

- 0 . 3 3 3 3  
0.0 

- 0 . 3 3 3 3  
0 . 0  
0 . 0  

1 .6663  

U. (9 

C C N P O U N D I H G  X N C E X - r  1.6667 
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C E S I G N  [ 7.13. 1) 

7 V A R I A E L E S  8 PARAlrETERS 

X ( l t  

-1. 
1. 
1. 

-1. 
-1. 

1. 
'- a . 
-1. 

1. 
1. 

-1. 
1. 

-1. 

( 2 )  

- 1. 
1. 
1. 
1. 
1. 

- 1. - 1. 
1. - 1. 
1. 

-1. 
- 1 .  

1 .  

0.0792 
O.CO42 

-0.0042 
-0.0042 

0.0042 
0.0042 

-0,0042 
0.0042 

DESIGN t f A T R I A  

X ' X  INVERSE 

x ( 3 )  

-1 .  
-1 .  

1. 
1. 
1. 

-1.  
1. - 1. 
1. 

- 1 .  
-1 .  

1. 
1. 

x (4) 

- 1 .  
-1. 
-1 .  

1. 
1. 
1. 

-1. 
-1. 

1. 
1. 
1. 

-1. 
-1. 

X151 X(61 X 1 7 )  

?. -1. 1. 
- a .  1. -1. 

1. -1. 1. 
-1. -1. -1. 

I .  1. -1. 
1. I. -1. 

-1. -1. -1. 
1. 1. -1 .  
1. 1. 1. 

-1. -1. 1. 
-1. 1. 1. 
-1. 1. -1. 
-1. 1. 1. 

-1 

0.0042 
0.0792 
0.0042 
0.0042 

-0. oou2 
-0.0042 

(1.0C4.2 
- 0 . O O Q 2  

-0.0042 
0.0042 
0.0792 - 0.0042 
0.0042 
0.0042 

-0.0042 
0.0042 

-0.0042 
0.0042 

-6.0042 
0.0792 
0.0042 
0.00412 

-0.0042 
0.0042 

0.0042 
-0,0042 

O . O C 4 2  
0.0042 
0.0792 

-0.0042 
O . O O Q 2  

-0.0042 

CBT (X*X) = 0.71663616QOD 09 

D - E F P I C I  ENCY" 9 8.4 

A V E B A G E  V A R I A N C E  O F  COEFFICIENTS= 0.0792 

I - E E E I C I E N C Y z  97.2 

13 R U N S  

V A R I B X C E  CF P I T T E D  RESPONSE 

0.6500 
0.6000 
0.6667 
0.6000 
0.6000 
0.6000 
0.6000 
0.6000 

0.6500 
0.6667 
3.6000 
0.5167 

0.6590 

0.0042 
-0.0042 

c.0042 
0.0042 

-0.0042 
0.0792 
0.0042 

-0.0042 

-0.0042 
0.0042 

-0.0042 
-0.OOQ2 
0.0042 
0.0042 
0.0792 
0.00412 

0.0042 
-0.0942 

0.0042 
0.0042 

-0.00 42 
-0.00 42 

0.0042 
0.0792 

H A X I M U M  V A I i i A N C E  OF P I T T E D  RESPONSE= 0.6667 
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CESXGPI ( 7.13. 1) 

ALIAS EATBIX 

12 
1.3 
14 
IS 
16 
17 
23 
54 
25 
26 
27 
34 
35 
36 
37 
45 
46 
47 
56 
57 
67 

ss 

0 
-0.03 33 
-0.0333 
0.1333 
0.1000 
-0.1000 
0.0667 
0. 3000 

-0.lOdO 
-0.1333 
0.0333 

-0.0667 
-0. t o 0 0  

0.1333 
-0.06 67 
6). 0333 

-0.0333 
0.0667 
-0.1000 

0. a667 
-0.0667 

-a. 0333 

0. I467 

1 
v s  0333 
0.0333 

-0.1333 
-0.1000 
0.1000 

-0.0667 
-0,4333 
-0.2333 
-0.2000 - 0.3667 
0,4000 

-0.2333 
0.3467 
6.2000 
6.4000 
0.3000 

-C. 3000 

-0,2333 
0.2667 

-0.2667 

0.2.467 

1,4570 

2 
-0.0333 
-0 - 3 6 6 1  
-0.2000 
-0,2333 
-0.4333 
0.4000 
0.1000 

-0.1000 
-0.1333 
0.0333 

0.2333 
0.3000 

-0.2000 
0.2667 

-0.3000 
-0.3667 
-0.2667 
0.2333 

-0.2667 - 0. BOO0 
1.4578 

- 0.. 0 65 7 

CCNFOUNDING IlCEP= 1.4324 

3 - 0.3667 
-0.0333 
-0.2000 
0.4333 
0.2333 
0.4000 
0.1000 
0.2333 
0.2000 

-0.3000 
0.2667 

-0.1000 
-0.0333 
0.1333 

-0.0667 
0.3667 
0.3000 

-0.2667 
0.2333 
0. 4000 
0.2467 

1.4578 

4 
-0.3000 
-0 .3000 
-0.1333 
0.2333 - 0.2333 
0.2667 
0.2333 
0.1000 

-0.2000 
-0.3667 - 0.2667 
0.1000 
0.3667 
0.2000 

-0.2667 
-0.0333 
0.0333 

-0.0667 
0.4333 

-0.4000 
0.4OOO 

1.4578 

5 
-0.3000 
0,3667 
0.2000 

-0. I000 
-0.23 33 
0.2667 
0.2333 
-0.2333 
0.1333 
0.3000 

-0.2667 
0.4333 
0.0333 
0.2000 
0.4000 

-0 * 0 333 
0.3667 

-0.4000 
0.1000 

-0,0667 
-0.2 667 

1.4578 

6 
-0.3667 
0.3000 

-0.2000 
-0,2333 
-0,1000 
-0. 2667 
-0.2333 
-0.4333 
0.2000 
0.0333 

-Q. 4000 
0.2333 
0.3000 
0.1333 
0.2667 
0.3667 

- 0 . 0 3 3 3  

-0.1oou 
-0.2667 
-0.0667 

1.4578 

o.lroao 

7 
0 . 3 6 6 7  
0.3667 
0.2000 
0.2333 

-0,2333 
-0.0667 
0.2333 

-0.2333 
-0.2000 
-0.3667 

0.0667 - 0.2333 
0.3667 
0*2000 
0.0667 

-0.3667 
0.3667 

-0.0667 
-0.2333 
- 0.0667 
0.0667 

1.2800 
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C E S I G N  ( 7.13. 2) 

' I  V A R I A B L E S  8 PARBElETEAS 13  RUNS 

DESIGN PIATHIX 

r i i )  x t 2 )  ~ ( 3 )  x14) X ( 5 )  X t 6 )  X(7) V A B J A N C E  O F  FITTED RESPONSE 

- 1 .  - 1. 1. 1. 1. -1. -1. 
1. -1. -1. -1. -1. -1. - 1. 

-1. 1. 1. -1. -1. 1. 1. 
1. -1. 1. -1. 1. 1. - 1 .  
1. -1. -1. 1. 1. 1. 1. 

-1. -1. -1. -1. -1. 1. 1. 
-1. 1. -1. -1. 1. -1. - 1. 

1. 1. - 1. 1. -1. -1. 1. 
-1. -1. 1. 1. -1. -1 .  1. 
-1. 1. -1. 1. -1. 1. -1. 

1. 1. 1. - 1 .  1. -1.  1. 
1. 1. 1. 1. -1. 1. -1. 

-1. 1. -1. 1. 1. 1. 1. 

0.0792 
0.004.2 

-0.0042 
0.0042 - 

-0.0042 
0.0042 - 

-0.0042 
-0.0042 

Y ' X  I N V E R S E  

0.0042 -0.0042 
0.0792 0.0042 
0.0042 G.0792 

.0.0042 0 . 0 3 4 2  
0.0042 -0.0042 

-0.0042 0.0042 
0.0042 -0.001(2 
0.0042 -0.0042 

0.00(+2 -0.0042 
-0.0042 0.0042 

0.0042 -0.CQ42 
0.0792 C.0042 
0.0042 0.0792 

-0.0042 0.0042 
0.0042 -0.0042 
0.0042 -0.0042 

DET ( X * X 1  = 0 .  7166361600D 0 9  

D-EFFXCIENCY= 98.4 

P V E I i b G E  V A R I A N C E  O F  COEFFICIENTS= 0.0792 

T-EfFISIENCY= 97.2 

0.0042 
- 0  - 0042 

0.0042 
-G. 0042 

0.004% 
0.0792 
0.0042 
0.0042 

0 . 6 5 0 0  
0.6500 
0 . 6 0 0 0  
0.6000 
0.6500 
0.6000 
0.6667 
0.6000 
0. b5OO 
0.5167 
0.6500 
0.6500 
0.5167 

-0.0042 
0.0042 

-0.0042 
0.0042 
-0.0042 
0.0042 
0.0792 

-0.0042 

-0.00 42 
0.0042 

-0.00 la2 
o.oou2 

-0.0042 
0.0042 

-0.0042 
0 -01 92 

R A X i M U n  V X S I A N C E  OF FITTED R E S P O N S E -  0.6667 
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DESLGN ( 7 - 1 3 ,  21 

A L I A S  MATRIX 

0 
12 -0.0667 
13 0.0667 
l q  - 0 . 1 3 3 3  
15 0.0667 
16 -0.0000 
17 -0,0667 
2 3  -0.C667 
2 4  u.0333 
2 5  -0.0667 
26 0.0333 
27 0. 1333 
34 -0.0333 
35 0.1333 
36 -0.03333 
37 -0.0667 
45 -0.1000 
46 0,0667 
47  0.1000 
56 -0.0667 
57 -0.1000 
67 G-06b7 

SS 0. 1322 

1 
0.0667 

-0.Ob67 
0.1533 

-0.0667 
0.0000 
0.0667 
o.uoo0 
0.3OOO 

-0.2667 
-0.3667 

0.2009 
-0.3000 

0 .2000  
0.3667 

-0.2667 
-0.2333 

0.2667 
0.23 33 
0 * 4 0 0 0  
0.4333 

-C. 4000 

1.5544 

2 
-0 .Ob67 
tl.4001) 
0.2006 

-0.2667 
-0.3333 

0.2667 
-0.0667 

0.0333 
-0.0667 

0.0333 
0.1333 

-0.3667 
-0.2000 
0.3000 
0.2667 

-0.4333 
0.4000 

-0.2333 
-0.400G 

0.2333 
-0.2667 

1.SlOO 

CONFOUNDING INDEX= 1.4719 

3 
0.4000 

-3.Ob67 
-0.2000 

0.2667 
0.3333 

-0.2667 
0.0667 

-0.3667 
-0.2667 

0.3000 
0.2000 
D. 0333 

-0.1333 
0.0333 
0.0667 

-0.2333 
-0. uooo 
-0.4333 
-0.2667 - 0.2333 
-0.4000 

1.5100 

U 
0.2667 

-0.2667 
-0.1333 - 0.2667 

0.3333 
0.2667 

-0. uooo 
0.0333 

-0.4000 
0.3667 

-0.2000 
-0.0333 
-0. io00 
-0.3667 
-0.4000 - 0.1000 

0.0667 
0.1000 
0.2667 
0.2333 

-0.2667 

1.4656 

5 
-0.2667 

5.2667 
-0.2000 
-0.0667 

0.3333 
0.4000 

-0.2667 
-0.3667 

0.0667 
-0.3667 

0.2000 
-0.3000 
-0.1333 
-0.3 000 
-0.2667 

0.1000 
0.2667 
0.2333 
0.0667 
0.1000 
0.2667 

1.3322 

6 
-0. 4000 

5.4000 
0.2000 
Q.4000 

-0.0000 
-0.4000 

0.2667 
0.3667 

-0.4000 
0.0333 

- 0.2000 
-0.3667 
-0.2000 
-0. G333 
-0.4OOQ 

0.2333 
0,0667 

-0.2333 
-0.0667 

0.2333 
0.0667 

1.5989 

7 
0.2667 

-0.2667 
0.2000 
0.4000 

-0.3333 
-0.0667 

0.2667 
-0.3000 

0.2667 
-0.3000 

0.1333 
-0.3667 - 0.2000 
-0.3667 
-0.0667 
0.2333 

-0.2667 
0.1000 
0.2667 

-0.1000 
0.0667 

1.3322 
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LESIGEI I 7.13, 3 )  

7 V A R I B S L E S  6 PABAMFTESS 

DESIGd N A T B I X  

X l l )  X ( Z )  X13) H 4 4 )  X ( 5 )  X ( 6 )  

1. - I .  1. -1 .  - 1 .  -1. 
1. 7 .  ?. 1. -1. 1 .  
1. -1. - 1 .  1. 1. -1.  

-a .  1. -1. -1. -1. -1. 
-1. - a .  - 1 .  - 1 .  1. 1. 
-1.  !. - 1. 1. - 1 .  - 1 .  
- 1  1 .  -1.  1. 1 .  - 1 .  5 .  
- a .  -1 .  1. 1. 1. -1. 

7 .  1. - 1 .  - a .  1 .  -1. 
-1. 1. 1. - 7 .  7 .  1. 

1. - 1 .  -1. - a .  - 1 .  1 .  
1. 1. -1.  1. 1. 1. 
1. 1. 1. - 1 .  1. -1. 

0.0792 - 
-0.6042 
-0.0042 - 

0.0042 
0.0042 

0.0042 
0.0042 

-0.OOQ2 " 

X E X  I N V E R S E  

-0.0045 -D.OOhS 
0.0792 -0 .0042  

-0.0042 0.0792 
0.0042 0.00%2 
0.ooq.L o.uo42 
-0.004L - O . U U l d h  
0.0042 0.0042 
0.0042 0.0042 

0.0042 
0.0042 
O.OO4Z 
0.0792 

-0 .  ooi(2 
0 . G W Z  

-0 .0042 
-0.OC42 

1 n : T )  

1. 
1. 
1. 

- 'I . 
1. 

-1. - 1. 
-1. 

1. - 1. 
- 1. 
- a .  

I .  

V A R I A N C E  OF FITTED RESPONSE 

0.6669 
0 .6500  
0 .6500  
0 .6600  
0.6667 
0.6667 
0 . 6 0 0 0  
0.6667 
0. 4000 
0.6667 
0 .6500  
0.6000 
0 .5167  

0.0042 
0.0042 
0.0042 

-0.0042 
0.0702 
0.0042 

-0.00162 
- 0 . O O Y 2  

-0.0042 
-0.0042 
-0.0042 

0.0042 
0.0042 
0. G792 
0.0042 
0 . 0 0 ~ 2  

0.0042 
0.0042 
O . O O Y 2  

-0.0042 
-0.0042 

0.0042 
0.0792 

-0.0042 

0.0042 
0.0042 
0.0042 

-0.0042 
-0.00 42 

0.00 142 
-0.00 42 

0.07'32 



175 

CBSIGI f 7.13. 3) 

ALIAS B A T B I X  

12 
1 3 
14 
15 
16 
17 
23 
29 
25 
26 
27 
34 
35 
36 
37 
45 
116 
47 
56 
57 
67 

ss 

0 
0.0667 

-0.0667 
-0.0667 

0. (0000 
-0.0667 
-0.0000 
-0.0667 
-0.0333 

0.0333 
-0.0333 

0.0333 
0.1000 

-0 .  1000 
0,1000 
0.0333 

-0. lb00 
0.0333 
0.0000 

-0.0667 
-0.03.33 

0,0333 

0.0756 

7 
0.0667 

-0.0667 
-0.0667 

c.co0c 
-0.0667 
-0.0000 

0.2667 
0.3000 
0.3667 
0.3000 

-0.3000 
-0.2333 
-0.4333 
-0.2333 

0.3667 
0.2333 
0.3667 
0.3333 

-0.4000 
-0.3667 
-0.3000 

1.608Y 

2 
0.0667 
0.2667 
0.2667 
0.3333 
0.2667 

-0.3333 
-0.0667 
-0,0333 

0.0333 
-0.0333 

0.0333 
-0.2333 

0.2333 
0.4333 
0.3667 

-0.11333 
0.3667 
0,3333 
0.2667 

-0.3667 
0.3667 

1.6533 

3 
0.2667 
0.0667 - 0.2667 

-0.3333 
-0.2661 

0.3333 
0.0667 

-0.3000 
0 . 3 O O O  
0.3667 
0.3COO 

-0.1000 
c. 1000 

-0.1000 
-0.0333 
-0.2333 

0.3COO 
-0.3333 
-0.26b7 
-0.3000 

0.3000 

1.3867 

4 
0.2667 

-0.2667 
0.0661 
0.3333 
@. 11000 
0.3333 

-0.2667 
0.0333 

-0.3667 
0.3667 
0.3000 

-0.1000 
-0.2333 

0.2333 
-0.3667 

0.1000 
-0.0333 
-0.  O O G O  
-0.2667 
-0.3000 
-0.3667 

1.5200 

5 
0.4000 
-0.4000 

0.2667 
0.0000 

-0.4000 
-0.3333 

0.2667 
-0.3667 

C.0333 
0.3000 

-0.3000 
-0.2333 
-0.1000 
-0.2333 
-0.3000 
-0.1000 
-0.3 000 
-0.3333 
-0.0667 
-0.0 333 

0.3667 

1.6089 

5 
0.2667 

-0.2667 
0.4000 

-0.3333 
0.0667 

-0.3333 
0.4000 
0.3567 
0.3000 
0.0333 
0.3000 
0.2333 

-0.2333 
-0.1000 

0.3000 
-0.2333 
-0.0333 
-0.3333 

0.0667 
0.3667 

-0.0333 

1.5200 

7 
- 0 . l r O O O  

0 .4OOO 
0.4000 

-0.3333 
-0.2667 

0.0000 
0.4000 
0.3667 

-0.3667 
0.3667 

-0 .0333 
-0.4333 
-0.2333 

0.2333 
-0.0333 
-0,2333 
-0.3667 
-0,0000 

0.4000 
0.0333 

-0,0333 

1 * 8756 

C C N E C U N D S l G  INSEX= 1.5962 
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1, - 1 .  1. -1. - 1 .  - *  I .  -1.  
1. 1. 1. 1. -1.  1. 1. 

-1. - 1 .  -1.  -1.  1. -1 .  1. 
-1. 1. -1 .  - 1 .  -1 .  -1. -1. 

1. 1. 1. - 1 .  1 .  1 .  -1 .  
-1. -1. 1. -1. - 7 .  1. 1 .  

1. 1. 1. 1.  1. -1. -1. 
1. 1. - 1 .  -1. -1. 1. 1. - 1. 1. -1.  1. 1. 7 .  -1. 

-1. 1. 1. 1. 1. -1.  1. 
-1. -1 .  1. 1 .  -1. 7 .  - 1 -  

1. - 1 .  -1 .  1. 1. 1. - 1 .  
1. - 1 .  -1. 1. - 1 .  -1 .  1. 
I .  - 1. 1. - 1 .  1. 1. 1. 

0.0750 
-0.0083 
0.0 

-0 .0063  
0.0 
0.0 

0.0 
- 0 . b 0 8 3  

X ' X  I N V E R S E  

-0.0083 
0.0750 
0.0 

-0.0083 
0.9 
0.0 

0.0 
-0.0083 

0. Q 
0.0 
0,0750 
0.0 
.0.0083 
.O. 00 83  
0.0 
0.0083 

-0.0083 
-0.0083 
O * O  
0.0750 
0.9 
0.0 

0.0 
-0 .0083  

0.0 0.0 
0.0 0.0 
-0.0083 - 0 . O O t 1 3  

0.0 0.0 
0.0750 -0.0983 
-0.0083 0.07s0 
0.0 0.0 
0.0083 0,0083 

D E T i X ' X 1 7  O.lP9439j600D 10 

D-EPPICIPNCY= 97.9 

A P E S A G E  V B S I A N C E  OF C O E F P I @ I E N P S =  0.0750 

T-BYETCLENCY= 95.2 

0. fioao 
0 . 5 3 3 3  
0.6000 
0 . 6 3 3 3  
0.5000 
0.5000 
0.5009 
0.6000 
0.5333 
0.6333 
0 . 6 3 3 3  
0.6 0 0 0 
0 . 6 3 3 3  
0.5000 

-0.0083 
-0.0083 

-0.0003 
0.0 

0.9 
0.0 
0 . 3 7 5 0  
0.0 

0.0 
0.0 
3.0083 
0.0 
0.0083 

0 .o 
0.0750 

o,ooc3 

H A X I H U H  V A R I A N C E  OF P I T Z E D  RESPOUSE= 0.6655 



C E S I G N  I 7.14.  1) 

k L I h S  M A T X I X  

0 
12 -0,0467 
13 0.1333 
1 4  0,0667 
15 -0 .0657  
95 0.13;3 
17 -o.oo(ia 
23 c.ccoa 
24 0 .1333 
25 0 .  1333 
16 0.0 
27 -0.2000 
31( o.cbb7 
35 0,0000 
3 6  0 "  1333 
37 - O n O O O O  

i lb  0,0667 
47 -0 .1333 
56 0,0 
57 -0 .0667  
67 -0,04b7 

SS 0 . 2 1 7 8  

45 0.2000 

1 
- 0 . 0 6 6 7  

0 . 1 3 3 3  
0.0667 

7 0 . 0 6 6 7  
0 . 1 3 3 3  - 0 . 0 0 0 0  
0 .3333 - 0.2000 

-0.2000 

0 . 1 3 3 3  
-0 .2667  

0 . 3 3 3 3  
-0 .2000  
-6 .3333 
- C .  1333  
- 0 . 2 6 6 7  
u.200c 
0 . 3 3 3 3  

-G.4000 
0 . 2 6 6 7  

1.1733 

a. 3333 

2 
0 .2000 
0.2667 

- 0 . 1 3 3 3  
-0.1000 

0 . 3 3 3 3  
0.2000 
0 . 0 6 6 7  
0 .0000 

-0 .0667 
0.2000 
0.0 
0 . 4 6 6 7  

- 0,2000 
0 .2667  - 0.2000 
0 . 3 3 3 3  

-0.2000 
-0 .2667 
0,266? 

1.2667 

a.4667 

a. 1333 

C C B P O U N D I N G  IIiXX= 1 . 2 8 3 8  

3 
0.2667 
0. 1333 

- 0 . 2 6 6 7  
0 . 2 6 6 7  - 0.2000 

- 0 . 3 3 3 3  

0. (r667 
0. 4667 

- 0 . 3 3 3 3  
0 . 1 3 3 3  
0 .0667  

- 0 . 0 0 0 0  
0. 1333 
0 . 0 0 0 0  

- 0 . 1 3 3 3  
-0 .2667  

0.2000 
- 0 . 3 3 3 3  

0 . 2 6 6 7  
0 . 2 6 6 7  

1 .3511  

-0, oooo 

4 
- 0 . 1 3 3 3  
- 0 . 4 0 0 0  

0,2000 
-0.2000 
- 0 . 3 3 3 3  

0 . 2 0 0 0  
0.4000 

0 . 2 6 6 7  
- 0 . 1 3 3 3  

0 .?333 
0 . 1 3 3 3  

-0 .2000  
0 . 1 3 3 3  

- 0 . 0 6 6 7  
0 . 1 3 3 3  

- 0 * 2 0 0 0  
-0.2667 
-0.4000 

1 e 1778 

0. oooa 

- 0.2aoo 

-o.aooo 

5 
-0.3 333 

0 . 2 6 6 7  
-0.1333 
0.1333 
0.3333 

-0 .4667  
0 . 4 0 0 0  
0 . 3 3 3 3  

-0 .0667  
- 0 . 1 3 3 3  
- 0 . 3 3 3 3  
-0.2000 

0 . 1 3 3 3  
-0 .2000 

0 . 1 3 3 3  
- 0 . 0 6 6 7  
-0.2000 
- 9 , 3 3 3 3  

0 . 1 3 3 3  
0.0667 

-0 .4000 

1 . 3 1 1 1  

6 
0,2667 

- 0 . 2 0 0 0  
-0.2647 
Q. 2467 
0 . 1 3 3 3  
0 . 3 3 3 3  

- 0 . 3 3 3 3  
-0.2000 
-0.2000 

0 . 0  
0. '8333 

-0 .2667  
* 0 , 3 3 3 3  

0 , 4 3 3 3  
0 . 3 3 3 3  
-0,1333 

0 ,0667  
-0.4667 

0 . 0  
-0 .4000 
-0 .0667 

1. 3067 

7 
0 , 1 3 3 3  

- 0 . 2 6 6 7  
0 , 1 3 3 3  - 0.4667 
0 . 3 3 3 3  
0 . 1 3 3 3  
0 . 2 6 6 7  
0 .3333 

-0 ,2667  
0 . 1 3 3 3  
0-0 
0 .2000  
0.2000 
0 . 2 0 0 0  
0 .2000 

- 0 . 2 6 6 7  
-0.4667 

0 . O 0 O O  
-0 .4667 
-0.0667 

6). 0667 

1 e 4000 
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C E S Z G N  ( 7.  I l l .  2) 

7 V A R I A B L E 3  d PAEAH1ZTr3IiS 14 R I J N S  

OESZGN P I A T B I X ~  

~ 1 1 )  X121 1 1 3 )  A ( 4 )  X ( 5 )  X i b )  X ( 7 )  V A R I A N C E  OF F I T T E D  BESPONC 

1.  -1. 1. 1. 1 .  1.  -1. 
1.  -1. -1. - 1 .  -1 .  -1. 1. 
1 .  1. -1 .  1. I .  -1. 1. 

- 1 .  1. 1. -1 .  - 7 .  1. 1. 
1. 1. 1. 1 .  - 7 .  - 1 .  -1.  
1. -1. -1. - 1 .  1 .  1. - 1 .  

-1. 1. -1. - 1 .  1 .  -1. -1. 
- 1 .  -1. 1. - 1 .  - 1 .  - 1 .  -1.  

1. 1. -1.  1. -1. 1. -1 .  
- 1 .  -1. -1. 1. -. I .  1. 1. 

1. 1. 1. -:. f .  1. 1. 
-1. -1. 1. 1. 1. - 1 .  1. 
- 1. 1. - 1 .  1 .  ’1. 1 .  -1 .  
-1 .  1. - 1 .  -1. 1 .  - 1 .  1. 

0.0750 
0.0 
-0.0983 

0.0083 
0.0 

- 0 .  008.3 
3.0 
0.0 

0.0 
0.0750 
0.0 
0.0 

-0.0083 
0 . 3  

-0.3083 
0.0083 

-9.0063 
0.0 
0.075G 
0.0063 
I). 0 

-0.0083 
0.0 
0.0 

0.0083 0.0 

0.0083 C.0 
0.0750 0.0 
0.0 0.0750 
0.0083 0.0 
0.0 -0.0083 
0.0 0 .O083 

0.0 -0.0083 

TET%X@Xl= 0. 119U393600D 70 

D - E P C T C I E N C Y  = 9 7 .  Y 

A Y E E A G E  V A K C A N C X  OF C O E F f i C I E N T S =  0.0750 

? - E F F I C I E N C Y =  95.2 

M A X l M I l M  VF.l?IApICT: OF F I T T E D  RESPC)ASE= 0.6667 

-0,0083 
0.0 

-Oj. 0083 
0.008.3 
0.0 
0.0750 
0.0 
0.0 

0.5333 
0.6333 
0.5333 
0.6333 
0.5333 
0.6000 
0.5000 
0.6000 
0.5000 
0.6667 
0.6333 
0.6333 
0.5000 
0.4000 

0.0 0.0 
-0.0083 0.0083 
0.0 0.0 
0.0 0.0 
-0.0083 0.0083 
0.0 0.0 
0.0750 0.0083 
0.0083 0.0750 
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A L I A S  H A T B I X  

1.2 
13 
I &  
15 
16 
17 
23 
2 4  
25 
26 
27 
34 
35 
36 
37 
45 
46 
47 
56 
57 
67 

ss 

0 
0.0667 

-0.0667 
0.1333 
0.0667 
0.1333 

-0.2000 
-3.0667 

0 .  w o o  
0,0667 
0 .  C667 

-0.0000 
-0.0000 
-0. 0667 
-0.0667 
-0.0667 

0.0667 
0.1333 

-0. 1333 
0.06ti7 
0.0 

-0.0667 

0. 1644 

1 
0.1333 

-0.2000 
-0.0000 
0.1333 

-0.0000 
0.0667 
0.3333 
0,4000 

-0.2000 
-0.1333 

0.2000 
0.2000 
0.2667 
0.2667 

-0.2000 
-0.1333 
-0.3333 
-0.2667 
0.4000 
0.2000 

-0.2667 

1.142.2 

2 
0.0667 
0.2667 
0.4667 

-0.2667 
-0.2000 
0.1333 

-0.066 t 
0.0600 
0.0667 
0.0667 

- 0 . 3 3 3 3  

0.2667 
0,2667 

-0.2667 
-0. :!ooo - 0.0 667 
-0.2667 
0.3333 
0.2.657 

1.4311 

-a .  oooo 
- o.4000 

C O N F O U N D I N G  I W E E X =  1.3803 

3 
0,266’6 
0.0667 
0.2000 
0.2667 
0.2000 

-0,1333 
0.0667 

-0.3333 - 0.4000 
0.2667 
0.3333 

-0.0000 
0,0667 
0. 0567 
0.0667 
0.2667 

-0.4667 
-0.2000 

0.2667 
(I. 3333 
0.4000 

1.3867 

4 
0.4667 
0.1333 

-0.i)OOO 
-0.2000 
-0.3333 
-0.2667 
- 0 . 3 3 3 3  

0.0667 
-0.2000 
-0.1333 
-0.4667 
-0.1333 

0.2667 
-9.4000 
-0 .2000 

0.2000 
0.6000 
0.0667 

- 0.2667 
0.2000 

-0.2667 

1.3644 

5 
-0.2667 

0.2667 
-0 * 2 0 00 

0,0667 
0.2667 
0.1333 

-0.4 000 
-0.3333 

3.0667 
-0.2667 
0.3333 
0.3333 

-0.0667 
0,2667 
0-2667 
0.0667 

-0 I) 2 000  
0.200:) 
0.0667 
0.0 
-0.11000 

1.3867 

6 
-0. %COO 
0.1333 
-0.3333 

0.4667 
0.0000 

-0.2567 
0.3333 

-0.2667 
-0.2000 

0.2000 
0.2000 

-0.4667 
0.2667 

- 0 .  O b i ?  
0.4667 

-0.1333 
0.0000 

-0.2667 
0.0667 

-0.4667 
8.0667 

1.5867 

7 
0.200c 

-0.1333 
- 0 . 3 3 3 3  
O.LO00 

-0.3 333 
-0.0667 
0.3333 - 0.40OO 
0.2000 
0.1333 
0.9333 

-0.2000 
Q. 4000 
(3. 4000 

-0. 1 3 3 3  
0.1333 

-0,3333 
-0,0667 
-0.4000 
0.1333 

-0.0667 

1.36414 
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CESIGN I 7.14. 3) 

7 V A B I A B L Z S  8 PARBNETEFS I 4  RUXS 

D E S I G N  HATBlX 

X l f )  

-1. 
-1 .  
-1.  

1. 
-1 .  
-1. 

1. 
1. 
1. 

-1. 
1. 
1. 
1. 
1. 

X ( 2 1  

1. - 1. 
1. 
1. - 1. - 1. - 1. 
1. 
1. 
1. 
1. 

-1. - 1. 
1. 

x (3) 

1. - 1. 
-1. 

1. 
-1. 

1. 
1. 

-1. 
- 1 .  

1. 
1. 

-1. 
1. 

-1. 

Xi41 X b )  X 1 6 )  

1. -1. 1. 
1. -1 .  -1. 

-1. -1. -1. 
-1. 1. -1. 
-1. 1. 1. 
-1. 1. 1. 
-1 .  -1. -1. 
-1. -1. 1. 

1. 1. -1. 
1. 1. -1.  
1. - 1 .  1. 
1. 1. 1. 
1. -1. -1. 

-1. 1. -1. 

0.0750 
-0.0083 
-0.0083 

0.0 
0.0 
0.0 
0.0083 
0.0 

X i X  I N V E R S E  

-0.0083 
0.0750 

-0.0083 
0.0 
0.0 

0,0083 
0.0 

a. o 

-0.0083 
- 0 . 0 0 8 3  
0.0750 
0.0 
0.0. 
0.0 
0.0083 
0. u 

0.0 
0.0 
0.0 
0.0750 - 
'0. bo83 
0.0003 
0.0 
0.0083 

X ( 7 )  VARIANCZ OF F I T T E D  RESPONSE 

-1. 0.5333 - 1. 0.6333 
1. 0.6000 

-1. 0.5333 
1. 0.5000 - 1. 0.6333 
1. 0.6333 

- 1. 0.6333 
-1. 0 - 5 3 3 3  

1, 0.6333 
1. 0.6000 
1. 0.6333 

-1. 0.5000 
1. 0.4000 

0.0 
0.0 
0.0 
"0.0083 
0.07SG 
0 0083 
0.0 
0.0083 - 

D E T I X a X ) =  0.1194393600D 10 

f - E J ? F X C I E N C Y =  97.4 

AVEBAGE VARIANCE O F  COEFFICIENTS= 0.0750 

I-EFFICZENCY= 95.2 

0.0 0.0083 
0.0 0.0083 
0.0 0.0083 
0.0083 0.0 
0.0083 0.0 
0.0750 0.0 - 
0.0 0.07EiO 

.0.0083 0.0 

0.0 
0.0 
0.0 
0.0083 
0.0083 
.0.0083 
0.0 
0.0750 

UAXIMULI  VARIANCE OF PITTED BL?SPONSE= 0.6667 
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ALIAS R A T R f X  

12 
43 
14 
15 
16 
17 
2 3  
24 
25 
26 
27 
34 
35 
36 
37 
45 
46 
4? 
56 
57 
67 

ss 

0 
0. 1333 

-0.0000 
0.0667 

-0.0667 
-0.1333 

0.0oti7 
0.0657 
0.0667 

-0.1333 
-0.1333 
-0.0000 

0.1333 
-0. 1333 

o r  0 
-0.2000 
-0.2000 
-0.0667 
-0. 1333 

0.1333 
0.2000 
0.0 

6.2889 

1 
0.1333 

-Q.OOOO 
0.0667 

-0.0667 
-0.1333 

0.0667 
-0.2667 
-0.2667 

0.2000 
0.2000 

-0.3333 
-0.2000 
-0.4667 
-0.3333 

0.1333 
0.1333 
0.2667 
0.2000 

-0.2000 
-0.1333 

0.3333 

1.0667 

2 
0.1333 

-0.3333 
-0.2667 
0.2667 

- 0.2667 
0.0667 
0.0667 

-0.1333 
-0.1333 

0.0000 
0.4667 
0.2000 
0.3333 
0.133;) 
0.1333 
0.2 66-1 
0.2000 

-0.8667 
-0.1333 
-0.3333 

1.8222 

0.21300 

3 
-0.266: 

0.1333 
-0.1333 - 0.4667 
-0.3333 

0.1333 
0. 1333 
0.4667 
0. 1333 
0.7333 
0.1333 
0.0000 

-0.0000 
-0.2000 
-0.0667 
-0.2667 

0.2000 
0.3333 

-0.1333 
-0.3333 
-0.2000 

1 I 1778 

4 
-0.2667 
-0.2000 

0.2000 
0.2000 
0.3333 
0.1333 
0.. 4667 
0.1333 
0.1333 
0.1333 
0.1333 
0.0000 

-0.333 3 
0.1333 
0.2667 
0.0667 

-0.1333 
-0.0000 
-0.1333 

0.3333 
0.4667 

1 a 1778 

S 
0.2667 

-0 ,0667  
0.1333 
0.1333 

-0.3333 
-0.1333 
0.2000 
0.2000 
0.2000 

-0.8000 
-0.1333 
-0.3333 
-0.0000 
-0.1333 
-0.2667 
-0.0667 
-0.2000 

0.3333 
-0.2000 
-0.0000 

0.2000 

1.6667 

6 
0.2000 

-0.3333 
0.2667 

-0.2667 
0. 1333 
0.2667 
9.2667 
0. 2667 

-0.8667 
0.1333 

-0.3333 
0.2000 

-0.2000 
0.0 

-0. 1333 
-0.1333 

0.0667 
0.4667 

-0. 1333 
0.1333 
0.0 

1.7778 

7 - Q.400Q 
0.2000 
0.1333 

-0.2000 
0,3333 
0.2000 
0.2000 
0.2000 

-0.1333 
-0.1333 

0.2000 
0.3333 

-0.3333 
-0.1333 

0.0667 
0.2661 
0.4667 
0.0000 
0.1333 

-0.0000 
-0.1333 

1.1333 

,CONPOUNDIb?G I N C E X =  1.4032 
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LESIGN ( 7. 15. 1) 

7 V A E I A B L E S  3 PARAMETEBS . 
DESIGN dATRIX 

X l l )  X ( 2 )  

-1. 1. 
-1. -1. 
-1. 1. 
-1. -1. 
1. 1. 

-1. -1. 
1. 1. 
1. -1. 

-1.  -1. 
-1. 7 .  

1. -1. 
1. -1. 
1. 1. 

-1. 1. 
1. 1. 

0.0699 
O . O O i 4  

-0.0050 
-0.0060 
-0.0074 
-0.0074 
-0.00716 
-0.00 7 4 

x ( 3 )  

- 1. - 1. 
1. 
1. 
1. - 1. 

-1. 
- 1. - 1. 

1. 
1. 
1. - 1. 
1. 
1. 

x 

-1. 
-3. 

1. 
1. 

-1. 
1. 
1. 
1. 

-1. 
-3. 
1. 

- 7 .  
1. 
1. 

-1. 

X'X INVERSE 

x (5) 

1. 
-1. 

1. 
-1. 
1. 
1. 

-1. 
1. 
1. 

-1. 
1. 

- a .  
- 1  * 
-1. 

1. 

0.0074 
0.0699 

-0.0060 
-0.0060 
-0.0074 
-0.0074 
-0.0074 
-0.0074 

-0.0060 
-0.0040 

0.0714 
-0.01 19 

0.0060 
0.0060 
0.0060 
0.0060 

X16) X t 7 )  

-1. 1. 
1. 1. 

-1. -1. 
1. -1. 
1. 1. 
1. 1. 
1. 1. 
1, -1. 

-1. -1. 
1. -1. 

-1. 1. 
-1. 1. 
- 1 .  -1. 
-1. 1. 

1. -1. 

15 RUXS 

-0.0060 
-0.0060 
-0.0119 

0.071Y 
0.0060 
0.0060 
0.0060 
0.0060 

,0.0074 - 
-0.0074 - 
0.0060 
9 .!I060 
0.0699 
0.0074 
0.0074 
0.0074 

V A B I A N C E  OF FITTED RESPONSE 

0.54 17 
0.4940 
0.4940 
0.5417 
0.4940 
0.5179 
0.5417 
0.4940 
0.5754 
0.4762 
0.5417 
0.6607 
0.6607 
0.4940 
0.4762 

-0.0074 
-0.007 4 
0.0060 
0.0060 
0.0074 
0.0699 
O.OO74 
0.0970 

-Q. 0074 
-0.007 4 
0.0060 
0.0060 
0.0074 
0,0074 
0.0699 
0.0076 

-0.9974 
-0.0074 
0.0060 
0.0060 
0.0074 
0.0974 
0.0074 
0.0699 

AVEEhGE V A E I B N C E  OF C O E F F I C I E N T S =  0.0703 

T-ETFSCIENCY= 94. D 

u x m w  V A R I A N C E  OF FITTED RESPONSE= 0.9048 
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LESIGl I 7.15. 1) 

ALIAS HATRSX 

12 
13 
14 
15 
16 
17 
23 
24 
25 
26 
27 
34 
35 
3 6  
37 
45 
46 
47 
56 
5 7 
47 

SS 

0 
0.0833 
0.0833 
0. 1667 
0.01 19 
0.0119 
0.0714 
0. 1310 
0.0238 
-0.0833 
-0.0238 
-0.0952 
-0. C952 
-0.0333 
-0.0238 
0.0238 

-0.0714 
-0.0238 
-0.1190 
-0.0595 
-0.1190 
-0.0714 

0.1412 

1 
0.0833 
0.0833 
0,1667 
O.Ol19 
0.0119 
0.0714 

-0.3690 
0.0238 

-0.0833 
0.4762 

-0.0952 
-0.5952 
.O. 4167 
-0.0238 
0.5238 

-0.0714 
-0.0238 
- e .  1190 
0.4405 

-0.0714 

1.4626 

-e. 1190 

2 - 0.0000 
-0.3333 
-0.0000 
-0.1429 
0.5238 

-0.1905 
0.0952 
0.. 0 476 
0. ooo!, 

-0.0476 
0.1429 
-0.1905 
0.3333 
0.2857 

-0.4762 
-0.3810 
0.0952 
0.0476 
0.0952 
0.1905 

1.2 154 

-0.2a57 

3 
-0.3333 
-0.0000 - 0.6 6 67 
0.5238 

-0.1429 

0.0952 
-0.2357 
0.3333 
0.2857 

-0.1905 
0.1429 
0.0000 

-0.0476 
0.0476 
0. 1905 

-0.3810 
0.0952 
0.0476 
0.0952 

-0.4752 

1.8503 

a. 4762 

4 
-0.0533 
-P. 5833 
-0.166 7 
-0.01 19 
-0.0119 
-0.0714 
-0.1310 
-0.023 8 
-0.4167 
-0.4762 

0.0952 
0.0952 
0.0833 

-0.9762 
-0.0238 
0.0714 
0.0238 
0.1190 
0.0595 
0.1190 
0.0714 

1.0935 

5 
-0.08 33 
0.4167 
-0.16 67 
-0.0119 
0.4881 

-0.0714 
0.3690 

. 0.0833 
0.0238 
0.0952 
0.0952 
0.0833 
0.0238 

-0.0238 
0.0714 
0.0238 
0.1190 
0.0595 
0.1190 
0.0714 

0.9388 

-0.5238 

6 
0.4167 

-0.0833 
-0. 1667 
0.4889 
-0.01 19 
-0.0714 
0.3690 
-0.5238 
0.0833 
0.0238 
0.0952 

-0,4048 
0.0833 
0.0238 

-0.5238 
0.07 14, 

0.1190 
0.0595 
0.1190 
0.0714 

1.3673 

0.023~1 

7 
-0.0833 
0.4167 

-0.1667 
-0,0119 
-0.0119 
-0.0714 
-0.1310 
-0.0238 
0.0833 
0.0238 
0.0952 
0.0952 
0.0833 

-0.4762 
-0.0239 
0.0714 
0.0238 
0.1190 
0.0595 
0.1190 
0.07 14 

0.5340 

CCEPOUHDING INLEX= 1.2089 
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DESIGN g 7.15. 21 

7 VARIAELES 8 PARBHETERJ 1 5  RUNS 

DESIGN M A T R I X  

Xi11 Xi21 X(3) X ( 4 )  Xl5) X(6) X(7) VARIANCE OT PITTED RESPONSE 

-1. 1. 1. -1.  -. 1 . 1. -1. 
1. -1. -1. 1. -1. -1. 1. 
1. 1. - 1 .  -1. -1. 1. 1. 

-1. 1. -1. -1. 1. -1. -1. 
1. - 1. 1. -1. 1. 1. 1. 
1. 1 .  -1. 1. -1. 1. -1. 
1. 1. 1. 1. T. -' i .  1. 
7. -1. 1. - 1 .  1. -1. - a .  

-1. -1. - 1 .  1. 1. 1. -1. 
-1. 1. -i. -1. 1. -1. 1. 
- a .  1. 1. 1. 1. 1. 1. 
-1. -1.' -1. - 7 .  -1. - 0 .  1. 
-1. -1. 1. 1. -1. -1. -1. 
-1. -1. 1. -1.  -1. 1. 1. 

1. -1. -1. - a .  1. 1. -1. 

0. C7 14 
0.00GO 
0.0060 
0.006O 
0.01 19 

-0.0060 
-0.0060 
-0.0060 

X ' X  I N V E R S E  

0.0060 
0.0699 
0.0074 
0,0074 

-0.0060 
-0.0074 
-0.0074 
-0.0074 

0.0060 
0.0074 
0.0699 
0.0074 

-0.G060 
-0.0074 
-0. G07Q 
-0.007u 

0.0060 
0.0074 
0,0074 
0.0699 

-0.0060 
-0.007s 
-0.0074 
-0.0074 

0.0119 
-0.0060 
-0.0060 
-6.0060 

0.0714 
0.0060 
C.0060 
0.0060 

AVERAGE VBBIANCE OF CQEFFICIENTS; 0.0'903 

T-tFFICIENCY= 94.8 

L l A X I I U H  VABIAICE OP FITTED RESPQISE= 0.9QY8 

-0.0060 
-0.0074 
-0.0074 
-0.0074 
0.0060 
0.0699 
0 0 007h 
0.0074 

0.5714 
a. 54  17 
0.4940 
0.494.0 
0.4762 
0.5714 
0.5714 
0 . 5 7 4 0  
0.6607 
0.4762 
0.5794 
0.4762 
0.5714 
0.4762 
0.4762 

-0.0060 
-Q,O074 
-O.OO?h 
-0.0074 

0,0060 
0.007b 
0.0699 
0.0094 

-0.0060 
-0.0074 
-0.007Q 
-0.007a 

0.0060 
0.0074 
0.OG34 
0.0599 



LFSO'L 

LSEO'O 
8FZO'O 
trzoz '0 

01 El 'Q- 
069E'O 

Z9Ltr'D 
8Q09.0 
SO61 '0 
LSEO '0- 
8AS L '0- 
Etr9$'0 
SO61 '0 
6ZbL '0 
ZS60'0- 
Ef 80 '0- 
6ZbL'O- 
@LEL '0 
2560'0 

L 

oasz-o - 

~EZO *a 

EE~O *a 

805C '1 

LGEO '0 

tlzoz '0 
oosz '0- 
OL El '0- 
069E '0 
BEZS "0 
$E20 '0- 
ZS60 '0- 
560F '0- 
LSEO '0- 
BBSL '0- 
LSES -0- 
5061 "0 
6ZbC '0 
ZS60'0- 
FE 80 '0- 
6Ztll"O- 
069E '0- 
8tlOh '0- 
€E80 '0 

7 

mxa '0 

LL86'1 

LSEO'O 

czo Z'O 
069E'O 
ULFL '0- 
8EZZi-0 
8FZ0'0- 
ZG60 'O- 
506L'O 
F89s'O 
8eS9.O- 
LS €0 '0- 
SO61 '0 
62tl1'0 

EFBO'O- 
LZQL'O- 
0696'0: 
ZS6S'O 
L9ltr.O- 

5i 

aEzo*o 

oasz-a 

2~6 o -a- 

lZk7.L 

LBFZ '0 - 
98Ztr.O 
0000'0 
2560'0 
2560'0 
LSBZ'O 
LS82'0- 
SO61 '0 
9LhO'O- 
18EZ'O 
6291 '0 
18EZ'O 
9LPO * 0- 
OLBE'O 
5041 '0 
EEEF'O- 
01 8E ' 0- 
ZShO '0- 
5061 '0- 
EEEE'O 

B 

~s8z-a 

el- t 5 * I 

Eb9tF"O 
Z9Ltr'O 
tlZOZ'0- 
OQSZ'O 
069E.O- 
OLEL '0 
8fZ0'0- 

ZS60 '0 
S06t '3- 
LSEO'O 
Btr,SL '0 

S60E'O 
6Ztll.O- 
ZS60'0 
L9Ltr 'Q- 
6Zb9'0 
01 El '0- 
2560'0- 
FEQO '0 - E 

wEza-0 

LSEO-O 

LEOE'L 

LSEO'O- 
Z9Ltr'O 
tl70L'Q- 

OLEL'O 
OIFL'Q 
8EZO'O- 

1560'0 
S60.E'O 
LSEO'O 
BWS L '0 
LSEO'O 
5061 'U- 
6tb t '0- 
256 0'0 
EE80'0 
LLSE'O- 
069E-0 
2560'0- 
EEB 0'0- 

oast-0 

wza*o 

., 

t2Ztl.l 

kS€O'O- 
BEZO'O- 
trzoz '0- 
OOSZ'3 
059E '0- 
06 9E '0- 
8CZO '0- 
Z9Lh.O - 'd46S'O 
5061'0- 
LSEO '0 
89SL '0 
EQ9P.O- 
56OE'O 
6291 '0- 
Z460'0 
EEBO'Q 
5Strl.O 
OLEL'O- 
Z460'0- 
FF80 'B- 

L 

69Lt -0 

ZS60 '0- 
9LB0 '0 
ZS40 '0- 
OOOO'D- 
ZS60'0- 
2360 '0 - 9LtrO '0 
9Lh0 '0- 
6Zht '0 
9LhD '0 
Z1;60'0 
SO61 '0 
2560 '0 
9LhO '0 
9LW '0- 
6Ztrl '0 
0009'0 
9Lf10'0 
ZF60'0 
62bk '0- 
0000 '0- 

D 

ss 

69 
6.5 
45 
LQ 
9h 
SB 
LE 
9E 
";'E 
@E 
iz 
9f 
SZ 
bz 
k-z 
Le 
?L 
St 
t?t 
El 
Zt 
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D E S I G N  ( 7.15. 3) 

15  RUNS 7 YABIRELES 8 PARAMETERS 

D E S I G N  UATRIX. 

x 111 

-1. 
-1. 
1. 
1. 

-1. 
-1. 

1. 
-1. 
1. 
1. 
1. - 1. 
1. 

-1. 
1. 

x ( 2 )  

1. - 1. 
1. - 1. 

- 1. 
- 1. 

1, 
1. - t .  

- 1 .  
1. - 1. - 0, 
1. 
1. 

x ( 3 )  

-1. 
-1. 
1. 

-1. 
1. 
1. 
1. 
1. 
1. - 1. 
1. 
1. 

-1. 
-1. - 1. 

x (4) 

-1 .  
1. 
1. 

-1 .  
1. 
1 .  
1. 

- 1 .  
-1. 

1. 
1. 

-1. 
- a .  

1. 
-1. 

0.0699 
-0.0074 

0.007b 
-0. OOC 
-0.0051, 
0.0074 

-0.0074 
-0.007b 

X ' X  I N V E R S E  

x a51 

-I-. 
-1. 
- 1 .  
-1 .  
-1 .  
1. 

-1. 
1. 
1. 
1. 
1. 

-1. 
1. 
1. 

-1. 

x (6) 

-1. 
-1. 
-1. 
1. 
1. 
1. 
1. 
1. 

-1. 
-1. 
-1. 
-1. 
1. 
1. 
1. 

-0.0074 
0.0699 

-0.0074 
0.0060 
0.0060 

-0.0074 
0.0074 
0.0074 

0.00711 
-0.0074 
0.0699 

-0.0060 
-0.0060 
0.0074 

-0.0074 
-0.0074 

-0.0060 
0.0060 
-0.0060 

0.07101 
-0.0119 
-0.0069 
0.0060 
0.0060 

x 17) 

1. 
1. 

- 1 .  
-1. 
- a .  
1. 
1. 
1. 
1. 
1. 

-1.  
-1. - 1. 
- 1 .  
1. 

V A R I A U C E  OF FITTED RESPONSE 

0.5774 
0.5U13 
0.4762 
0.4762 
0.4940 
0. 4,940 
O.S ' l l4  
0.5714, 
0.5417 
0.5417 
0.5179 
0.5714 
0.4940 
0.6607 
0.4762 

-0.0060 
0.0060 

-0.0 060 
-0.0119 
0.0714 

-0.0069 
0.0060 
0.0050 

C E ' I I X * X ) =  0.2113929216D M 

C - E F F I C I  SNCY= 97.6 

B V E B B G E  V A R I A N C E  OE C O E E F I C I E N T S -  0.07(93 

T-BFFICIENCY= 94.8 

EAX1flUl-i V B S I A N C E  OF FITTED R E S P O N S E ;  0.9043 

0.0074 
-0.0074 
3.0074 

-0.006 0 
-0.0060 
0.0639 

-0.0074 
-0.0074 

-0.0074 
0.0074 
-0.0074 
0.0060 
0.0060 

-0.UO74 
0.0699 
0.0074 

-0.0074 
0.0074 
-0.0074 

0.0060 
0.0060 

-0.0074 
0.0074 
0.0699 
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ALIAS MATRIX 

12 
13 
14 
15 
16 
17 
23 
24 
25 
26 
27 
34 
35 
36 
37 
45 
46 
47 
56 
5 7 
67 

5s 

0 
-0.0357 
-0.0230 
-0.0238 
0,1190 

-0.0033 
-0.1190 

0.0952 
-0.0000 
0.0595 
0,04 76 
0. 1310 
0. C833 
-0. 1429 
-0.0952 
0. 1429 

-0.0833 
-0. 15W3 
0. 1786 
0.01 19 
-0. m71 

0.2022 

a, c357 

1 
0.0357 
0.0238 
0.0238 

-0.1190 
0.0033 
0.1190 
0.4643 
0.4040 

-0.5000 
-0.0595 
-0.0476 
0.3690 

-0.0833 
20-  357 1 
0.0952 

-0.1429 
-0.4167 
0.1540 

-0.6786 
-0.01 19 
0.1071 

1.6427 

2 
-0.0 357 
0.L1762 
0.4762 

-0.3810 
-0.0833 
-0.1190 
0.0357 
0.0952 

-0.0000 
0.0595 
0.0476 
0.1310 
0.0833 

-0.1429 
-0.0952 
0.11129 
-0.0833 
-0.6 540 
0.1786 

-0.4881 
0.3929 

1.5713 

3 
0.4286 

-3.0476 
0.28 5’7 

-0.0952 
-0.3333 
0.0952 

-0.0952 
0.1905 
0.0000 

-0.0476 
0.0952 
0.0952 

-0.0030 
0 e 0476 
3.  1429 

-0.3810 
0.3333 
-0.1429 
-0.1429 
0.5233 
0.6790 

1.4399 

4 
0.0206 
0.2857 

-0.0476 
-0.0952 
-0.3333 
0.0952 
0.230 1 

-0.1029 
0.0000 

-0.0476 
-0.57 1 4  
0.0952 

-0.3333 
0.3810 

-0.1905 
-0.0476 
0.0000 
0.1905 

-0.1429 
-0.1323 
-0.0476 

1.1859 

5 
-0.5357 
-0.0230 
-0.0238 
0.1190 
-0.5833 
-0.1190 
0.0357 
0.0952 
-0.0000 
0.0595 
-0.4524 
-0.3690 
0.0833 
-0.1429 
0.4048 
0.1429 
-0.0033 
-0.1548 
0.1706 
0.0119 
-0,1071 

1.2975 

6 
0.0357 
-0.4762 
-0.4762 
-0.6190 
0.0033 
0.1190 

-0.0357 
-0.0952 
0. 0000 

-0.0595 
0.4524 
0.3690 

-0.0833 
0.1429 
0.5952 
-0.1429 

0.1548 
-0. 3786 
-0.01 19 

0.1071 

1.6903 

0.0633 

7 
0.0357 
0.0238 
G.0238 

-0.1190 
0.0833 
0.1190 

-0.0357 
-0.5952 
-0.5000 
0.4405 

-0.0476 
-0.1310 
0.4167 
(1.6429 
0.0952 

-0.1429 

0.1540 
-0. 1786 
-a. 01 19 
0. I071 

1.5475 

0.0833 

C O N F O U N D I N G  T*ICEY--- 1.4822 
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DESIGN ( 7.16 .  1)  

7 V A R I A B L E S  8 PARAHETEHS 16 R U N S  

D E S I G N  HATRIX 

X 61) 

1. 
-1 .  

1. 
-1. 

1. 
1. 

-1. 
-1. 
-1. 

1.  
1. 

-1. 
-i. 

1. 
1. 

-1. 

1( f21 

1. - 1. 
-1. 

1. - 1. 
1. 
1. 

- 1. 
-1.  

1. 
1. 
1. 
1. - 1. 

- 1. - 1. 

x ( 3 )  

1. 
1. 

-1 .  
1. 
1. 

-1.  
1. 

-1.  
1. 
1. - 1. 

-1.  - 1. 
- ? .  

1. 
-1.  

X ( 4 )  

-1. 
-1 .  
-1 .  
- 1 .  

1. 
1. 
1. 
1. 
1. 
1. 

-1. 
1 .  

-1. 
1. - 1. 

-1. 

X ' X  INVERSE 

x (5) 
-1. 
- 1 .  
- 1 .  

1. 
1.. 

- 1 .  
-1.  
-1 .  

1. 
-1. 

1. 
1 .  
1. 
1. 
1. 

-1 .  

X (61 

-1. 
1.  
1. 
I .  

-1.  
1.  
1. 

- 1 .  
1. 

- 1 .  
1. 

-1 .  
-1 .  

1. 
-1.  
- 1 .  

X ( 7 )  

-1. 
1. 

-1.  
- a .  
-1.  
-1. 

1. 
-1. - 1. 

1. 
1. 
1. 

- 1 .  
1. 
1. 
1. 

V A R I A N C E :  OF FITTED SESPONSE 

0.5000 
0.5000 
0.5000 
1.5000 
0.5000 
0.5000 
0.5500 
1.5000 
0.5000 
0.5000 
0.5000 
0.5000 
0.5003 
0.5000 
0.5300 
0.5000 

0.0625 0.0 
0.0 0.06 25 
0.0 0. 0 
0.0 0-0 
0.0 0.0 
0.0 a. 0 
0.0 0.0 
0. a 0.0 

0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0625 0.0 0.0 0.0 
0.0 0.0625 0.0 0.0 
0.0 0.0 0.0625 0.0 
0. a 0.0 0.0 0.0625 
0.0 Q.0 0 . 0  0.0 
0.0 0.0 0.0 0.0 

DETt'X'X) = 0 .4294967296D 10 

D - E P T I C I E N C Y =  100.0 

0.0 
0.0 
0.0 
0.0 
(I. 0 
0.0 
0.0625 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.c 
0.0625 

B V E H A G E  V A R I A N C E  OE COEFFICIENTS= 0. G625 

T-EFFICIEHCH= 100.0 

EAXXEUH VBWIANCE OF FITTED B E S P O I S E =  0.5000 
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EESIGN t 7.16, 1) 

ALIAS HATRIX 

0 
12 0.0 
13 0.0 
14 0.0 
15 0.0 
Id 0.0 
17 0.0 
23 0.6 
24 0.0 
25 0.0 
26 0.0 
27 0.0 
34 0.0 
35 0.0 
-36 0.0 
37 0.0 
45 0.0 
46 0.0 
47 0.0 
56 0.0 
57 0.0 
67 0.0 

1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.50GC 
0.0 

-0.500C 

- I.OO@cI 

ss 0.0 1.500C 

2 
0.0 
0.0 
0.0 

0.0 
0.0  
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 

0.0 
0.0 

-0.5000 
0.0 
0.5000 
0.0 
0.0 
0.0 

I .  0000 

-0.5000 

-0.5000 

3 
0.0 
0.0 
0.0 
0. G 

0 .  c 
0.0 
0.c 

c. c 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
C.C 

0 .  c 

- 1.0000 

-0.5000 - 

-0.50uo 

4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
.O. 5000 
0.0 
0. soco 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1 I 5000 0. so00 

5 
-0.5000 
0.0 
0.0 
0.0 
0.0 
0.5000 

-0.5000 
-0.5000 
0.0 
0.0 
0.0 
0.0 
0.9 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.2500 

-0.5000 

6 
0.0 

-1.0000 
0.0 
9.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
c. 0 
0.0 
0.0 
c. 0 
0.0 
0 . 0  
0.0 
0.0 
0.0 

1.0000 

7 
c.0 
0. c 
0.0 
0.5000 
0.0 
0.0 
0.0 
0.5000 
0.0 
0.0 
0.0 
0.0 
0.5000 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .  G 
0.0 
0.0 

0.7500 

C O K F O U N D I N G  INCEX= 1.0714 

. 
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f E S I G N  I 8. 9 .  1) 

8 VlFIA6LES 9 PARAMETERS 9 RU N S  

3CSIGt l  MATFiX 

X ! 1 )  X(2b X 4 3 ?  X(41 X ( 5 )  X ( 6 )  X(7) X(8) V A i l I A H C E  OF FITTED DESPCNSE 

1. -1 .  i. 7 .  1. 1. 1. -1. 
1. 1. -1. 1. 1. -1. -1. -1. 

-1. 1. -1. 1. -1. 1. 1. -1. 
1. -1. -1. -1. -1. -1. 1. 1. 

-1. 1. 1. -1. 1. -1. 1. -1. 
-1. -1. 1. 1. -1. -1. -1. 1. 
-1. -1. -1. -1. 1. 1. -1. - 1 .  

1. 1. 1 . - 1 . - 1 .  1 . - 1 .  1. 
-1. 1 . - 1 .  1. 1. 1. 1. 1. 

0.1113 
0.0077 

-0.0077 
0.c077 - 

-0.0077 
-0.005 1 
-0.0077 - O.OC77 
0.0051 - 

X ' X  I N V E F S E  

0.0077 
0.1173 
0.0077 
.O. 0077 
0.0077 
0.0051 
0.0077 
0.0077 
.O. 0051 

-0.0077 
0.0077 
0. 1173 
0.0077 

-0.0077 
-0.0051 
-0.0077 
-0.0077 
0.0051 

0.0077 
-0.0077 
0.0077 
0.1173 
0.0077 
0.0051 
0.0071 
0.0077 

-0.005 1 

-0.0077 
0.0071 

-0.0077 
O.CO77 
0.1173 

-0.0051 
-0.0077 
-0.0077 
0.0051 

-0.0051 
0.0051 

-0.0051 
0.0051 

-0.005 1 
0.1633 

-0.0051 
-0.0051 
0.0867 

CET IX'X) = 0. 2055208950D C5 

C - E T € I C I E N C Y =  9 3 . 2  

3 V E B A G t  V A R I A N C E  OE COEEFICIENTS= G. 1276 

P - E F F I C I E N C Y =  67.1 

L A X I B U M  V h R I A N C E  O F  F I T T E D  RESPONSE= 1.3673 

1 .oooo 
1.0000 
1 .oooo 
1.0000 
1.0000 
1.0000 
1 .OOO@ 
1 . o o o o  
1.0000 

-0.0077 
0.0077 

-0.0077 
0.0077 

-0.0077 
-0.005 1 
0.1173 
-0.0077 
0.005 1 

-0.00 77 
0.0077 

-0.0075 
0.0077 

-0.0077 
-0.9051 
-0.0077 
0.1173 
0.0051 

0.0051 
-0.0051 
0.0051 

-0.0051 
0.0051 
0.0867 
0.0051 
0.0051 
0.1633 



19 1 

E E S I G N  ( 8. 9. 1) 

A L I A S  f l A T B I X  

12 
13 
14 
15 
16 
17 
18 
23 
24 
25 
26 
2 7  
28  
34 
3 5  
36 
37 
38 
45  
46  
4 7  
45  
56 
57 

67 
68 

58 

7a 

ss 

0 
0.0000 

-0.0000 
-0. 1429 
-0. 1429 

0.0000 
-0.0000 

0. 1429 
0.0000 

-0.0000 
0.1429 
0.1429 
0.0000 

-0. 1429 
-0.0000 
-0. 1429 
-0.0000 
-0. 1429 

0. 1429 
0. 1429 

-0.0000 
-0.0000 
-0. 1429 

0. 1429 
0. 1429 

-0.7143 
-0.0000 
-0. 1429 
-0.1429 

0.8163 

1 
-c.oooo 

0.000c 
0.1429 
C. 1429  

-0.000u 
0.0000 

-0.1429 
-0.0000 
0.0000 

- C .  1429  
-0.1429 
-1.0000 

0.1429 
c. 0000 
0.1429 
1.0000 
0. 1429 

-0.3429 
C. 8 5 7 1  
0,0000 
0.0000 

--C.8571 
-0.1429 
-0.1429 
._ 0.2 8 5 7 

c.0000 
0.1429 
0.1429 

3.8143 

2 
0.0000 

-0.0000 
-0.1429 
-0.1429 
-0.0000 
-1.0000 

0.1429 - 0.0 000 
0.0000 
0.1429 
0.1429 
0.0000 

-0.1429 
-1.0000 
-0.1429 
-0.0000 
-0.1429 

0.1429 
0.1429 

-0.0000 - 0.0000 
-0.1429 
-0 .8571 

0.1429 

0.a000 
0.8571 

-0.1429 

3.8163 

0.2857 

3 
-0 .0000 

0.0000 
0.1429 
0.  1429 
1 * 0000 
0.0000 

-0. 1429 
0.0000 - 1. 0000 

-0.1429 
-0.11129 
-0.0000 

0.1429 
0.0000 
0.1429 
0.0000 
0.1429 

-0.1429 
-0.1429 

0.0000 
0.0000 
0 .1429 

-0.1429 
0.857 1 

-0 .2857 
-0.0000 

0.1429 
-0.8571 

3.8163 

4 
-0.0000 

0 "  no00 
-0 .1429 

0.857 1 
-0.0000 
-0.0000 
-0.8571 
"1.0000 
0.0000 
0.1429 
0.1429 
0.0000 

-0.1429 
-0.0000 
-0.1429 
-0 .oooo 
- 0 , 1 4 2 9  

0.1429 
0 , 1 4 2 9  
0.0000 
0.0000 

-0.1429 
0.1429 
0.1429 
0.2857 
1.0000 

-0.1429 
-0.1429 

3 .8163  

5 
-0.0000 

0 0000  
0.5714 

-0.4286 
-0 "0000 
-0.0000 
-0.57 14  
-0.0000 

0.0000 
0.4286 

-0.5714 
0 * 0000 
0 , 5 7 1 4  

-0.0000 
-0.4266 
-0 .oooo 

0.5714 
-0.5714 

0 .4286 
0.0000 
0.0000 
0;5714 
0.4286 
0.4286 

-0.1429 
0.0000 
0.5714 
0.5714 

4.0G12 

6 
-0.0000 

1.0000 
-0. 1429 
-0. 1429 
-0.0000 
-0.0000 

0.1429 
-0.0000 

0. 0000 
-0.8571 

0.1429 
0.0000 
0.8571 

-0.9000 
-0. 1429 
-0.0000 
-0.1429 

0 ,  lU29 
0.1429 
0.0000 
1.0000 

-0. 1429 
0.1429 
0.1429 
0.2857 
0.0000 

-0.1429 
-0.1429 

3. by63  

7 - 1.0000 
0.0000 

-0. 1429 
-0. a429 

-0.0000 
0. 1429 

-0 .0000 
0.0000 
0.1429 
0.1429 
0.0000 

-0.1429 
-0.0000 

0.857 1 
-0. 0000 
-0.lci29 
-0.8571 

0.1429 
1.0000 
0.0000 

-0 .1429 
0. 1429 
0.1429 
0.2857 
0.0000 

-0.1429 
-0.1429 

3.8163 

-0. 0 0 0 0  

8 
0.0003 

-0 .5714  
-0 .5714  

0,001)0 
0.0000 

-O.r(2a6 
O,C000  

-0.0000 
0 . 5 7 1 ~  
0.5714 

-0 .0000 
0.4286 
0.00'10 

-0.5714 
0.0000 

-0.5714 
-0.4286 

0.5714 
-0.0000 - 0.00 00 

0.4286 
0.5714 
0.5 7 1 4 
0 .  lU29 

-0.0900 
3.It.286 
0.4286 

9 . 0 6 1 2  

-o.oaoo 

C G N P O U N D I N G  INDEX= 3.8776 
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E E C I G N  ( 8. 10. 2 )  

a V A R I A B L E S  9 P A R A Y E T E R S  10 FUXS 

U E S I t i N  B A T K I X  

x ( 1 1  x ( L i  X(3)  X l 4 , )  X(5) X(6 )  X (7 )  X ( 8 )  V A i i T A N C E  O F  F I T T E D  R E S P O N S E  

-1. 1. 1. 1 . - 1 .  1 . - 1 .  1. 
-1. -1. -1. 1. 1. -1 .  -1. -1. 

1. 1. 1. 1 . - 1 . - 1 .  1 . - 1 .  
-1. -1, 1. -1.  1. -1. 1. 1. 

1 . - 1 . - 1 .  1. 1. 1. 1. 1. 
1. 1. -1 .  -1 .  1. -1.  -1 .  1. 

-1 .  1. -1. - 1 .  -1. 1. 1. -1. 
-1. 1. 1. -1.  1.  1. -1. -1. 

1. -1. 1. -1.  -1. 1. -1. -1. 
- 1 .  -1. -1 .  -1. -1. -1 .  -1. 1. 

X ' X  I N V E R S E  

0.1094 0.0156 0.0 
0.0156 0.1094 0.0 
0.0 0.0 0.1111 
0.0 0.0 -0.0139 
0.0156 -0.0156 0.0 
0.0 0.0 0.0139 
0.0 0.0 -0.0139 
0.0156 -0.0156 0.0 
0.3 0.0 0.0139 

0.0 0.0156 
0.0 -0.0156 

.0.0139 0.0 
0 .1111 0.0 
0.0 0.1094 
0.0139 0.0 

.0.0139 0.0 
0.0 -0.0156 
0.0139 0.0 

DfT I X ' X )  = 0.6033 7977600 09  

l - E I F I C i E S C Y =  9Y.6 

AVEBSGE V A S I A N C E  O F  C O E F F I C I E N T S =  0.1103 

'T-dPFICIENNCY= B O . 6  

H A X I H U i Y  Y a X I A N C E  O F  I I J P P E D  PESPONSE= 1.11 11  

0.9375 
0.9375 
0.9375 
0.9375 
0.9375 
0.9375 
0.9375 
0.7503 
0.9375 
0.7500 

0.0156 0.0 0.0 
0.0 3.0 -0.0 156 
0 .0139 -0.0139 0.0 
0 .0139 -0.0139 0.0 
0.0 0.0 -5.0156 
0 .1111 0 . 0 1 3 9  0.0 
0.0139 0 .1111 0.0 
0.0 0.0 0.1094 

.5.0139 0.0139 0 .0  

0.0 
0.0 
0.0139 
0.0139 
0.0 

-0 .0139 
0.0139 
0.0 
0 .1111 
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DESIGI I 8.10,  2 )  

ALIAS BATRIX 

12 
1.3 
14 
15 
16 
17  

23 
2B 
25 
26 
27 
28 
3 4  
35 
36 
37 
3 3  
45 
45 
47 
48 
55 
57 
58 
67 
68 
78 

ss 

t a  

0 
0.0 
0.0 
0.2500 
0.0 
0.0 
0.2500 
0,o 
0.2500 
0.0 
-0.3750 

0. 0000 
0. c 
-0.2500 
0. 0 

-0.3750 
- 0 * 0 0 0 0  

-5.2500 
0.0 

0.0 
0.0 
0.2500 
0.0 

-0. 1250 
0.0 
0.3750 
0.0 

-0.0000 
0.0 

0.8125 

1 
0.0 
0.0 

0.0 
0.0 

- c . 2 5 0 0  
0.0 

-0.2500 
0.0 
0.3750 - 1.0000 
0.0 
0.2500 
0. 0 

-0. 6250 
-0.0000 

-0.7500 

- c. 2540 

0.0 

9.0 
0.0 
0.7500 
0.0 
0.1250 
0.0 
0.6250 
0.0 
0.OOOD 
0.0 

3.3125 

2 
0.0000 

-0 13333 
0.9 
0 . 3 3 3 3  - 1.0 0 00 
0.0 
0.3333 
0.0 

-0.3333 
0.0 
0.0 

-0.3333 
0.0 
0.6667 
0.0 
0.0 
0.0000 
0.0 

-0.6667 
0.0009 
0.0 

-0.0000 
0.0 

-0.6667 
0.0 
0.0 
0.0 

-0 .6667 

3.3337 

3 
0.0000 

-0.33 33 
0.0 

-0.6667 
0.0000 
0.0 

-0.6667 
0.0 
0.6667 
0.0 
a. o 

-0,3333 

-0.3333 
0.0 

0.0 
0.0 
0.09'30 
0.0 

-0.6667 
0.9000 
0.0 

-0.0000 
0.0 
0.3333 
0.0 

-1 .0000 
0.0 
0.3333 

3.3333 

4 
0.0 
0.0 

0.0 
0.0 
0.7500 
0.0 
0.7500 
3.0 

-0.6250 
-0.0000 
0.0 
0 2500  
0.0 

-0.6250 
-0.0000 
0.0 
0 .2500  
3.0 
0 . 0 

-0.2500 
0.0 
0.1250 
0.0 

-0.375 0 
0.0 
1,0000 
0.0  

3.1125 

-0.2500 

5 
0.0000 

-0.6667 
0.0 

-0.3333 
- O e O O O O  

0 . 0 
0.6667 
0.0 

-0 .6567 
0.0 
0.0 

0.0 

0.0  
0.0 
0,0000 
0.0 

-0 .3333 
0.0900 
0.0 

-0 I O  000 
0.0 

-0.3333 
0.0 

-0.0000 
0.0 
0.6667 

3 .oooo 

-0.6667 

-0,6667 

6 
-1 .0000 
- 0 . 3 3 3 3  

0.0 
0.3333 

-0.0000 
0.0 
0 . 3 3 3 3  
0. 0 

- 0 . 3 3 3 3  
0 . 0  
0.0 

0.0 

0.9 
0. D 

-1.0006 
0.0 
0.3333 

-0,0000 
I). 0 
1.0000 
0.0 
0.3333 
0.0 

-0.0000 
0.0 
0 . 3 3 3 3  

4.0009 

-0. 33 33 

- 0 . 3 3 3 3  

7 
0.0 
0.0 
0.1500 
0.0 
0.0 

0.0 

0.0 

-0.2500 

-0.2500 

-0.6250 
-0.0000 

0.0 
- 0.7 5 00 
0.0 
0.3750 - 1.0900 
0.0 
0.2500 
0.0 
0.0 

-0.2500 
0,o 
0. 1250 
0.0 
0,6250 
0. 0 
0. 0090 
0.0 

3.3125 

8 
0.0000 

-0.6667 
0.0 
0.6567 
0.00GO 
0.0 

-0.33 13 
0.0 
0 * 3333 
0,0 
0.0 

-0,6667 
0.0 
0.3333 
0.0 
0.0 
0.0300 
0.0 

- 0 . 3 3 3 3  
I .uooo 
0.0 

-0,0000 
0.0 
0.6667 
0.0 
fr.0000 
0.0 

- 0 . 3 3 3 3  

3 .3333 

C O N F O O N D I N G  INGEX= 3.3472 
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L E S I G N  f 8.10. 3) 

8 V A R I A B L E S  9 P A R A H E T E A S  10  R U N S  

DESIGN IIATPIX 

X f l )  X12b X(31 X(4) X(5) Xf61 X(7) X(8) V A R I A N C E  OF F I T T E D  RESPONSE 

1. 1. -1. -1. -1. 1. 1. -1. 
-1. 1. -1. 1. -1. -1. -1. -1. 

1 . - 1 .  1. 1 . - 1 .  1. 1 . - 7 .  
-1. 1. 1. -1. 1. -1. 1. -1. 
1. -1. 1. -1. -1. -1. -1. 1. 

-1. -1. -1. -1. 1. 1. -1. -1. 
1. 1. 1. 1. 1. 1 . - 1 .  1. 
1 . - 1 . - 1 .  1. 1 . - 1 .  1. 1. 

- 1 . - 1 .  1. 1 . - 1 .  1. 1. 1. 
-1. 1. -1. -1. -1. 1. 1. 1. 

0.1094 
0.0 
0.0 
0.0 
0.0 
0.0156 

-0.0156 
-0.0156 

0.0 

X ' X  I N V E E S E  

0.0 0.0 
0.1111 0.0139 
0.0139 0.1111 

-0.0139 0.0139 
-0.0139 0.0139 
0.0 0.0 
0.0 0.0 
0.0 0.0 

-0.0139 0.0139 

0.0 
-0.0139 
0.0139 
0.1111 

-0.0139 
0.0 
0.0 
0.0 

-0.0139 

0.0 
-0.0139 
0.0139 

-0.0 139 
0.1111 
0 .o 
0.0 
0.0 

-0.01 39 

CET (X'X) = 0.6039797760D 09 

C - E F F I C I B N C Y =  94.6 

AVERAGE V A R I A N C E  OF COEFFICIENTS= 0.1103 

I - E F F I C I E N C Y =  90.6 

C A X I H U H  V A R I A N C E  O F  F i T T E D  RESPONSE= 1.111 1 

0.0156 
0.0 
0.0 
0.0 
0.0 
0.1094 
0.0156 
0.0156 
0.0 

0.7500 
1 .oooo 
0.7500 

1.3000 
1.0000 
1.0000 
1.0080 
0.7500 
0.7500 

i.ooon 

-0.01 56 
0.0 
0.0 
0.0 
0.0 
0.0156 
9.109u 
-0.0 156 
0.0 

-0.0156 0.0 
-0.0 13P 0.0 

0.0 0.0139 
0.0 -0.0139 
0.0 -0.0 139 
0.0156 0.0 

-0,0156 0.0 
0.1094 0.0 
0.0 0.1111 
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0'0 
0'0 
0'0 
8 

0SZ9"E 

0'0 
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ET EF '0 
0000 '0 
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EEE E '0 
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0'0 

ClOOO'l- 
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FfXF.0 

0'0 
FFEC'O- 
0000'0 
0000'1 

0'0 
0'0 

0000 '0 - EEEE'O 
0000'0- 

0'0 
0'0 
0'0 

EEEE'O- 
L999'0 
PEEE'O 

0 '0 
0'0 
0'0 
i: 

0000 'E 

L999'0- 
L999'0- 

0 '0 
L999'0 

0'0 
0'0 
0'0 
0'0 

0 0 00 '3 .- 
L999'0 

0'0 
L999 '0- 
0 0 0 0 0 .- 0'0 

0'0 
0'0 

0000'0 
L999'0 
0000'0- 

0 '0 
0'0 
0'0 

EEFF'O 
EFCF'O 
FEEE'D- 

0-e 
0'0 
0'0 
L 

os29 '0 

0'0 
0 '0 

0000 '0 
C'O 

0000'0- 
0000 '0 
0osz '0 

0 '0 
0 '0 
0'0 

0052 '0 
0 '0 
0 '0 
0 '0 

0000 '3 
OOS2'0- 

0 '0 
0 '0 
0 'P 

ocoo '0 
00 03 '0 - oeos -0 

0 '0 
0 "0 
0 '0 

oosz *o 
0052 '0 
oosz "0- 

0 

ss 

BL 
89 
L9 
85 
LS 
94 
8tl 
Lb 
9tr 
str 
8E 
LE 
9F 
SF 
tlF 
8t 
L7 
92 
St 
trz 
Et 
RI. 
L1 
91 
Sl 
trL 
Et 
II 

(E 'OL'8 1 N3XS33 

L61 



198 

DESJGII I 8. 11. 1) 

8 V 4 P I A B L E S  9 PAZAMETERS 1 1  RUNS 

D E S I G N  M A T R I X  

X ( 1 )  X(2) X(3j Xj4) Xi51 X(65 X ( 7 )  X ( 8 )  V A F I A N C F :  OF F I T T E D  BESPONSE 

-1. -1. -1. - 1 .  -1. 1. 1. 1. 
1. 1. - 1 .  -1. -1. -1. 1. -1. 
1 . - 1 .  1 . - 1 .  1 . - 1 .  1. 1. 

-1. -1. -1. 1. 1. -1. -1. -1. 
1. 1. 1. 1. 1. 1. 1 . - 1 .  
1. -1. 1. -1. -1. 1. -1. -1 .  

-1. 1. -1. - 1 .  1. 1. - 1 .  1. 
-1. 1. 1. 1. -1. -1. -1. 1. 
1. -1. -1 .  1. -1. 1. - 7 .  1. 

-1. -1. 1. 1. -1. 1. 1. -1. 
1. 1 . - 1 .  1 . - 1 . - 1 .  1. 1. 

0.1'331 
-0.oc94 
o.no94 
0.0093 

-0.0 1 2 5 
0.0219 

-0.0034 
-0.0094 
-0.9094 

X'X I N V E S S E  

-0.009'4 O . O O 9 U  0.0094 
0.1031 -0.009Y -0.0094 

-0.0094 0.1031 0.0094 
-0.0094 0.0094 0.1031 
0.0125 -0.0125 -0.0125 
0.0094 -0.0094 -0.0094 
0.0094 0.0219 -0.0094 

-0.0219 -0.009@ -0.0094 
0.009f4 -0.0094 0.0219 

-0.0125 
0.0125 

-0.0125 
-0.0 125 
0.1000 
0.0125 
0.0125 
0.0125 
0.0125 

EET (X'XI = 0.1342177285D 10 

C - € P F I C I E N C Y =  93.9 

A V E B A G E  V A B I A N C E  OF C O E F F I C I E N T S =  0.1028 

0.0219 
0.0094 

-0.0094 
-0.0094 
0.0125 
0. 1031 
0.0094 
0.0094 
0.0094 

0.7125 
0.8125 
0.9625 
0.9625 
0.8500 
0.8125 
0.8500 
0.9125 
O.fl115 
0.7125 
0.6000 

-0.0094 
0.0094 
0.0219 
-0.0094 
0.0125 
0.0094 
0.1031 
0.0094 
0.0094 

-0.0994 
-0.0219 
-0.0094 
-0.0094 
0.0125 
0.0094 
0.0094 
0.1031 
0.0094 

.0.0094 
0.0094 
.O. 0094 
0.0219 
0.0125 
0.0094 
0.0094 
0.0094 
0. 1031 

I - E F F I C I E N C Y ;  88.5 

L A X I M U H  V A R I A N C E  OF F I T T E D  RESPONSE= 1.4300 
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D E S I G N  I 8.11. 1) 

A L I A S  MATRIX 

12 
13 
14 
15 
16 
47 
I S  
23 
24 
25 
26 
27 
28 
34 
35 
3ti 
37 
38 
4.5 
4b 
47 
48 
56 
57 
58 
5 3  
68 
78 

ss 

0 
0.0250 
0.3000 

-0.2250 
-0.0.750 
-0.0500 
0.5000 

-0.2000 
-0. 1250 
0.0150 

-0.0000 
-0.0000 
0.0250 
0. 1750 
0.1500 

-0.0750 
0. IO00 
0*2000 

- 0 ,  too0 
-0.0250 
-0,1500 
-0,0750 
-0.2500 
-0.0000 
-0.0750 
0.0250 

-0.0500 
-0.1000 
-0.1000 

0.7000 

1 
-0.2750 
-0.0500 
0.2250 

-0.4250 
0.3000 
0.0000 
0.2000 

-0.4250 
0.1750 - 0.00 00 

-0.0000 
0.7250 

-0.6500 
0.5150 
0.1500 
0.0500 

-0.1500 
0.0250 
0.4000 
0.0150 
0.5000 
0.0000 
0.5750 

-0.0250 
-0.7000 
-0.1530 
0.1000 

3.2625 

-0.4250 

CONEOUNDSNG INDXXZ 3.0750 

2 
0.0250 

- 0 . L O O O  
0.2750 

-0.0750 
- O . O $ O O  
0.5000 

-5.7000 
-0.1250 
0.0150 
'1,O 00 

0,0250 
0.1150 
0.6500 

-0.0150 
0.1000 

-0.3000 
-0.1000 
-0.0250 
-0.1500 
0.4250 
0.2500 
1.0000 

-0.0750 
0.0250 

-0,0500 
-0.1000 
-0.6000 

3.1000 

0.d800 

3 
-0.4750 
0.0500 

-0.b750 
0.6750 
0.2000 

-0.0000 
-0.2000 
-0. 1250 
0.5750 
0.0000 
0.0000 

-0.4750 
0.1750 
0. 1500 

-0.3250 
-0. 1500 
r 0.0500 
0.1500 

-0.2750 
0.1000 
0.1750 

-0.0000 - 0.0000 
0.6750 
9.2750 
0.2009 

-0.8500 
-0.1000 

3.1875 

Q 
0.3000 

-0.4000 
0.3000 
0.1000 
0.4000 
0.0000 
0.6000 
0.5000 

-0.1000 
-0.0000 
-0 .oooo 
0.3000 
0.1000 

-0.2000 
0.1000 
0.2000 
0.4000 
-0.2000 
-0.3000 
0.2000 
0.1000 
0.0000 
0.0000 
0.1000 

-0.7000 
0.4000 - 0 j. 2000< 

-0.2000 

2 I 4 0 0 0  

5 
-0.0250 
0.7000 
0.2250 
0.0750 
0.0500 
0.5000 
0.2000 
0.1250 
-0.0750 
-0.0000 
1.0000 
-0.0250 
-0.1750 
-0.15130 
0.0750 
-0.1000 
0.8400 
0.1000 
0.0250 
0 * 1 5 0 0  
0.0750 

-0.7500 
0.0001) 
0,075O 

-0 ,0250  
0.0500 
0.1000 
0.1000 

3.2000 

6 
-0.0250 
0.2000 
0.7250 
0.0750 
0.0500 

-0.5000 
-0.3000 

0. 1250 
-0.0750 
1,0000 

-0.0000 
-0.0250 
-0. 1750 
0.3500 
0.0750 
-0.1000 
0.3000 

-0.9000 
0.0250 
0.1500 
0.5750 

-C. 2500 
-0.0000 
g. 0750 

-0.0259 
0. o s 0 0  
0.1000 

-0.4000 

3.6000 

7 
0.7250 

-0.0500 
0.2250 
0.5750 

-0.7000 
0.03oc 
0.2000 

-0.1650 
0. 1750 

-0.0000 
-0.0000 
-0.2750 
-0.4250 
0.3500 
0.5750 
0.1500 
0.0500 
-0.1500 
0.0250 
0.11000 
0.0750 

- 0.5005 
0.0000 

-0.4250 
-0.02513 
0.3000 

-0. 1550 
0.1000 

2.9'525 

8 
-0.5250 
-0.0500 
0.4150 
0.3250 

-0.2000 
0.0000 
0.2000 
0.125U 
0.4253 

-0.0000 
-0.0000 
-0.>250 
-0.1750 
- 0.1500 
0.3250 

0.0501) 
-0.1500 
-0.7253 
-0.1000 
- 0 . 1 7 5 0  

0.0000 
0.0030 
0.3250 

-0.2750 
-0.2000 
-0.1500 

0,1000 

-o.aSoo 

2.3873 
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D E S I G N  ( 8.11. 2) 

8 V A E I B E L E S  9 PAFlQIIZTEAS 

D E S I G N  H A T R I X  

X(1) XdZD X(3) X(4) X(5) X ( 6 )  

1. - 3 .  -1. -1. -1. -1. 
1. -1. 1. -1. - 1 .  1. 

-1. -1. 1. -1. 1. -1. 
-1. 1. -1. -1. -1. 1. 
1. 1. -1. -1. 1. 1. 
1. 1. 1. -1. i. -1. 
1. 1. 1. 1. -1. 1. 
1. -1. -1. 1. 1. -1. 

-1. -1. -1. 1. 1. 1. 
-1. 1. -1. 1. -1. -1. 
-1. -1. 1. 1. 3. 1. 

0.1000 
-0.0 125 
0.012s 
0.0125 
0.012s 
-0.0125 
-0.0 125 
0.0125 
0.0125 

X ' X  I N V E R S E  

-0.0125 
0.1031 

-0.0094 
-0.0094 
0.02 19 
0.0094 
0.0094 

-0.0094 
-0.0094 

0.01 25 
-0.009u 
0.1031 
0.0094 
0.0094 

-0.0091. 
0.0094 
0.0094 

0 . m ~  

0.0125 
-0.0094 

0.0094 
C.1031 
0.0094 

-O.OO¶rp 
-0.009U 
-0.02 19 
0.0094 

DET $ X ' X )  = 0. 134217728CD 10 

D - E E F I C I E N C  Y =  9 3 . 9  

I(7) 

1. 
-1. 
1. 

-1. 
1. 

-1. 
1. - 1. 

- 1. 
-1. 
1. 

1 1  R U N S  

X(8) VARIANCE OF PITTED RESPONSE 

-1. 
1. 
1. 

-1. 
1. 

-1. 
-1. 

1. 
-1. 

1 .  
-1. 

0.0125 
0.0219 
0.0094 
0.0094 
0.1031 
-0.0094 
-0.0094 
0.0094 
0.0091a 

-0.0125 
0.0094 
0.0219 
-0.0094 
-0.0094 
0.1031 
0.0094 

-0.0094 
-0. 0094 

0.9625 
0.9625 
0.8125 
0.7125 
0.9625 
0.9625 
0.8125 
0.7125 
0.6500 
0.8500 
0.6000 

-0.01 25 
0.0094 
-0.0094 
-0.0094 
-0.0094 
0.0094 
0.1031 
-0.0094 
0.0219 

0 .0125  
-0.0094 
0.0094 
-0.02 19 
0.0094 
-0.0094 
-0.0094 
0.1031 
0.0094 

0.0125 
-0.0094 
0.0094 
0.0094 
0.0094 
-0.0094 
0.0219 
0.0094 
0.1031 

A Y E S A G E  V A H I A N C E  OF C O E f P I C i E N T S x  0.1025 

I - E ? P I C I E I C Y =  88.5 

k ! A X i d B 1  V A B I A N C F .  OF P I T T E D  RESPONSZ= 1.4000 



20 1 

ALIAS nATRIX 

12 
13 
14 
15 
I b  
’17 
18 
2 3  
24 
25 
26 
27 
18 
3 $4 
35 
36  
37 
38 
45 
46 
Y 7  
48 
56 
57 
59 
67 
68 
78 

SS 

0 
0, zoo0 
0.1000 

-0.20uo 
-0.1000 

0.1000 
0.1000 

-0. too0 
-0.2000 

0. 1000 
-0. uooo 

0. 1000 
-0*2000 
-0. 1000 
-0.1000 

0. 2000 
0.2000 
0.uooo 

-0.20(10 
-0.1000 

0. 1000 
-0.7000 
-0.fOO0 
-0. 1000 
0..2000 
0, I000 
0.2000 

-0,4000 
-0.2000 

1 uo00 

1 
-0.0750 
-0.0750 
-0.1000 

0.8750 
-0.0750 
-0.0750 

0.0750 
0.6500 

-0- 5750 
0.5500 
0.1750 
0 . 6 5 0 0  

-0. 1750 
0.0750 

-0.6500 
0.3500 

-0.5506 - 0 3 5O 0 
0.0750 

-0.0750 
0.0750 
0 , 0 7 5 0  

-0 .1750 
-C.6500 

0.1750 
0.3500 
0,5500 

-C.3500 

3.2875 

2 
0.3255 
0.3250 
0.1000 
0.6750 
0.3250 
0.3250 

-0.3250 
-0.1500 
-0.1750 
-0.0500 

0.0750 
-0.1500 
-0,0750 

0.1750 
0.1500 

-0.3500 
0.0500 

-0.b5OO 
-0.8250 
-0; ‘I 750 

3.1750 
0.1750 

-0.0750 
u.15uo 
0.0750 
0.6500 

-0.0500 
0.3500 

3.0375 

COt?EDUNDlNG INDEX= 3.1375 

3 
0,3250 
0 .  3250 
0.1000 

-0.3250 
0.3250 

-0.6750 - 0 . 3  2 50 
-0.1500 
0.3250 

-0.0500 
-0.4250 
-0.1500 
-0.5750 
-0.3250 

0,1500 
0. 1500 
0.0500 

-0.1500 
-0.3250 

0.3250 
0.6750 

-0.3250 
-0.5750 
0.1500 

-0.4250 
0.1500 

-0.0400 
-0.1500 

3.1875 

4 
0,0750 
0.0750 
0.1000 

-0.0750 
0.0150 
0.0750 

-0.0750 
0.3500 
0.0750 

-0.%5OO 
-0 .1750 
0 e 3500 
0.1750 
-0.0750 
-0.3500 
0,6500 
0.5580 

-0.6500 
-0.0750 
0.0750 

-0.0750 
-0.0750 

0.1750 
-0.3500 
-0.1750 

0.6500 
-0 .. 5500 
-0 .6500 

3.2875 

5 
0.6750 

-0.3250 
-0 ” 1000 

0.3250 
-0.3250 
-0.3250 

0.3250 
0.1500 

-0 .8250  
0.0508 

-0.0750 
0.1500 
0 . 0 7 5 0  

-0.1750 
-0.1500 
-0.6501) 
-0.0500 
-0.3500 
-0. I750 
0.1750 
-0.1750 
-0 .1750 

0 .0750 
-0. 1500 
-0.0750 
0.3500 
0.0500 
0.6500 

3.0375 

6 
0.1750 
1). 1750 
-0.1000 
-0.1750 

0.1750 
0. 1750 
0.8250 

-0.3500 
-0.3250 
3. 0500 
-0.0750 
0.6500 
0.0750 
0.3250 

-0.6500 
-0. 1500 
-0,0500 

O.lSO0 
0.3250 

-0.3250 

-0.6750 
0.0750 
0.3400 

-0.0750 
-0.1500 

0.0500 
0.1500 

3.0375 

0.3250 

7 
0.3250 

-0.6750 
0.1000 

-0,3250 
0.3250 
0,3250 

-0.3250 
-0,1500 

0 . 3 2 5 0  
-0.0500 

0,5750 
-0 .1500 

0,4250 
0.6750 
0.1500 
0,150U 
0,0500 

-0,1500 
-0.3250 
0,3250 

-0.3250 
._ 0.32 50 

0 .4250 
0. I500 
0.5750 
0.1500 

-0.0500 
-0.1500 

3.1675 

a 
-0,1750 
-0.1750 

0. IO00 
0.1750 
0.6250 

-0.1750 
0.1750 

-0.650U 
0.3250 

-0.0500 
0.0750 
0.3500 

-0.0750 
-0,3250 
-0.3500 

0.1500 
0.0500 

-0,1500 
-0.3250 - 0.6750 
-0.3250 
-0.3250 
-0.0750 

0.6500 
0.0750 
0.1500 

-0.0500 
-0.1500 

3.0375 
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f E S I G N  ( 8. 12.  1)  

8 VARIABLES 9 FARAHETERS 

DESIGN PlATRIX 

X I l i  X ( 2 )  X 1 3 )  X ( 4 )  

- 1 .  - 1 .  1. 1.  
1 .  - 1 .  1. -1 .  
1. 1. 1. 1 .  
1.  -1. 1. - 1 .  

-1 .  1. 1. -1 .  
1. 1. -1 .  1. 
1. -1 .  - 1 .  1. 

-1. 1. 1. 1. 
- 1 .  - 1 .  - a .  - 1 .  
-1. 1. -1. -1 .  

1. 1. - 1 .  -1 .  
- a .  -1. -1. 1. 

X'X INVERSE 

0 . 0 8 3 3  0.0 0.0 
0.0 0.0833 0.0 

X f 5 )  X ( 6 )  

-1 .  1 .  
-1. 1. 
- 1 .  -1. 

1. - 1 .  
1 .  1. 

-1. 1. 
1 .  - 1 .  
1. -1. 

-1. -1 .  
- 1 .  - 1 .  

1 .  1. 
1.  1. 

0.0 
0.0 

0.0 0.0 0.0333 0.0 
0.0 0.0 0.0 0.0833 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 3 . 0  0.0 0.0 
0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

X 17) 

-1. 
1. 

-1. 
-1. 

1. 
1. 
1. 
1. 
1. 

-1 .  
-1 .  
- 1 .  

0.0 
0.0 
0.0 
0.0 

12 RUNS 

K(8) VARIANCE O F  FITTED XESPONSE 

1. 
1. 

-1 .  
-1 .  
-1 .  
-1. 

1. 
1. 

-1, 
1. 
1. 

- 1 .  

0.0 
G. 0 
G.0 
0.0 

0.0833 0.0 
0.0 0 . 0 8 3 3  
0.0 0.0 
0.0 0.0 
0.0 0.0 

DEIIIX'X) = 0.5159760352D 10 

C-ETFICIENCY= 100.0 

AVEFBGE VABIANCE OF COEFFICIENTS= C . 0 8 3 3  

T-EFFICIENCY= 100.0 

EIAXIkiUH VARIANCE OF FITTEC RESPONSE= 0.7500 

0.7500 
0.7500 
0.7500 
0.7500 
0.2500 
0.7500 
0.7500 
0.7500 
0.7500 
0.7500 
0.7500 
0.7500 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0 . 0 8 3 3  0.0 
0.0 0 . 0 8 3 3  
0.0 0.0 

0.0 
0 0  
0.0 
0.0 
0.0 
0 . 0  
0.0 
0 .0  
0 .0833 
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D E S I G N  I d.12. 1) 

ALIAS M A T R I X  

12 
13 
1 4  
15 
16 
17 
18 
23 
24 
25 
26 
27  
28 
34 
35 
36 
37 
38  
LIS 
46 
47 
48 
56 
57 
58  
67 
68 
78 

3s 

0 1 
0.0 0.0 
0.0 0. G 
0.0 0.0 
0.0 0.0 
0.0 G. G 
0.0 0.0 
0.0 0.0 
0. c -G.3333 
0.0 0. 3333 
0.0 -0 .3333 
0 . 0  0.3333 
0.0 - G .  3333 
0.0 -G.3333 
0.0 -6 .3333 
o * o  -6 .3333 
0.0 - c. 3333 
0.0 -c. 3333 
0.0 -0 .3333 
0.0 -0 .3333 
0.0 -0.3333 
0.0 0 .3333 
0.0 -0 .3533 
0.0 -0.3333 
0.0 - c. 3333 
0 . 0  0.3333 
0.0 0.3333 
0.0 9.3333 
0.0 c.3333 

0.0 2.3333 

5 
0.0 

-0 .3333 
0.3333 

-0.3333 
0.3333 

- 0 . 3  333 
-9 .3333 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0.3333 
0.3333 

-0.3333 
0.3333 

-0.3333 
-0 .3333 
-0.3333 

0.3333 
-0.3 333  

0.3333 
0.3333 
0 .3333 
0 .3333 

-0.3333 
-0.3333 

2.3333 

3 
-0 .3333 

0.0 
- 0 . 3 3 3 3  
-0.3333 
-0 .3333 
-0.3333 
-0.3333 

0.0 
0 .3333 
0.3333 

-0.3333 
0.3333 

-0 .3333 
0.0 
0.0 
0.0 
0.0 
0.0 

- 0 . 3 3 3 3  
-0.3333 
- 0 , 3 3 3 3  

0 .3333 
-0 .3333 

0.3333 
-0 .3333 

0.3333 
0.3333 
0.3333 

2.3333 

4 5 
0.3333 -0.3333 

-0 .3333 -0.3333 
0.0 -0 .3333 

- @ . 3 3 3 3  0.0 
-0 .3333 -0.3333 

0.3333 -0 .3333 
-0 .3333 0.3333 

0.3333 0.3333 
0.0 -0 .3333 

-0.3333 0.0 
-0 .3333 0.3333 

0.3333 0 .3333 
-0 .3333 0.3333 

0.0 -0 .33  33 
-0.3333 0.0 
-0 .3333 -0 .3333 
-0 .3333 0.3333 

0.3333 - 0 . 3 3 3 3  
0.0 0.0 
0.0 -0.3333 
0 . 0  0.3333 
0 .0  0 , 3 3 3 3  

- 0 . 3 3 3 3  0.0 
0.3333 0,O 
0.3333 0.0 

-0 .3333 -0 .3333 
-0 .3333 -0.3333 

0.3333 0 .3333 

2 .3333 2.3333 

6 
0.3333 

-0.3333 
-0.3333 
-0 .3333 

0.0 
0.3333 
0 .3333 

-0 .3333 
-0.3333 

0.3333 
0.0 
0.3333 

-0.3333 
-0.3333 
-0.3333 

0.0 
0.3333 
0.3333 

-0.3333 
0.0 

-0.3333 
-0 .3333 

-0.3333 
-0.3333 

0.0 

0.0 
0.0 

-0.3333 

2.3333 

7 
-0.3333 
-0 .3333 

0.3333 
-0 .3333 

0.3333 
0.0 
5 .3333 
0.3333 
0.3333 
0 .3333 
0.3333 
0.0 

-0 .3333 - 0.3333 
0.3333 
0.3333 
0.0 
0 .3333 
0.3333 

-0.3333 
0.0 
0.3333 

-0.3333 
0.0 
0 .3333 
0.0 

-0.3333 
0.0 

2.3333 

8 
-0.3333 
-0.3333 
-0.3333 

0.333.3 
0.3333 
0.3333 
0 .0  

-0 ,3333  
-0.3333 

0,3333 
-0 .3333 
-0.3333 
0.0 
0.3333 

-0.3333 
0.3333 
0.3333 
5.0 
0.3333 

-0.3333 
0.3333 
0 . 0  

-0.3333 
0.3353 
0 .0  - 0.3333 
0.0 
0.0 

2.3333 

C O N P O U N D I N G  INDEX= 2.3333 
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rESIGN ( 9-10. 1) 

9 V A R I A b L E S  10 P A F A l E T E a S  10 R U N S  

D E S I G N  H A T E t I Y  

x(11 v ( 2 )  x(31 x(Qb X l S )  Xl6) X f 7 )  X ( 8 )  X(9) 

1 . - 1 .  1. 1. 1. 1. 1 . - 1 . - 1 .  
1. 1. 1. 1. 1 . - 1 . - 1 . - 1 .  1. 
1. -1. -1. 1. -1. -1. -1. 1. -1. 

-1. 1. -1. 1. 1. -1. 1. -1. -1. 
-1. -1. -1. -1. -1. 1. -1. -1. 1. 
-1. -1. 1. 1. -1. -1. 1. 1. 1. 
-1 .  1. 1. -1. 1. 1. -1. 1. -1. 
1. -1. -1. -1. 1. -1. 1. 1. 1. 
1. 1. 1. -1. -1. -1. 1 .  -1. -1. 
1. 1 . - 1 .  1 . - 1 .  1. 1. 1. 1. 

X'Y INl iEf iSE 

0.1111 -0.0139 0.0 
-0.0139 0.1111 0.0 
0.0 0.0 0.1111 
0.0 0.0 -0.0139 

-0.0139 -0.0139 0.0 
0.0 0.0 -0.01 39 
0.0139 0.0139 0.0 

-0.0139 -0,0139 0.0 
0.0 0.0 0.0139 
0.0 0.0 0.0139 

0.0 -0.0139 0.0 
0.0 -0.0139 0.0 

-0.0139 0.0 -0.0139 
0.1111 0.0 -0.01 39 
0.0 0.1111 0.0 

-0.0139 0.0 0.1111 
0.0 0.0139 0.0 
0.0 -0,0139 0.0 
0,0139 0.0 0.0139 
0.0139 0.0 0.0139 

D E I t Y ' X )  = 0. '935E17984D 10 

D - E f F I C I E U C Y =  94. 1 

A V E B A t i E  V A R I A N C E  O F  C O E F F I C I E N T S =  0. 1 1  1 1  

T - E F F I C I E N C Y =  90.0 

t lAXIIIIJf3 V A R I A N C E  OF F I T T E D  R E S P O N S E =  1.2222 

V A R I A N C E  O F  P I T T E D  R E S P O N S E  

1.0000 
1 .oooo 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1 .oooo 

0.0139 -0.0139 0.0 
0.0139 -0.0139 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0139 -0.0139 0.0 
0.0 0.0 0.0 
0.1111 0.0139 0.0 
0.0139 0.1111 0.0 
0.0 0.0 0.1 
0.0 0.0 -0.0 

0.0 
0.0 

39 0.0139 
39 0.0139 

39 0.0139 
0.0 

0.0 
0.0 

1 1  -0.0139 
39 0.1111 
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CiSIGN i 9.10 .  1) 

ALIAS MATEIX 

12 
13 
14 
15 
16 
17 
18 
19 
23 
24 
2 5  
26 
27 
28 
2 9  
34 
35 
36 
37 
38 
39 
45 
4t 
47 
48 
45 
56 
57 
58 
5 9  
67 
68 
69 
78 
79 
89 

SS 

0 

0.0 
0.0 
0.3333 
0.0 
-0.3333 
0.33.53 
0.0 
0.0 
0.2333 
0.0 
0.3333 
0.0 
0.0 
0.0000 
-0.3333 
0.0 
0.3333 
0.0 
0.0 
0. c 
-0.3333 
0.0 

-0.3333 
0.1333 
0.0 
0.0 
0.  0 
0.0 
0.0000 

- 0 . 3 3 3 3  
- 0 . 3 3 3 3  
0.0 
0.0 
0.0 
0.0 
-0.0000 

1.3333 

1 

0.0 
0.0 
0.3333 
0.0 
-c.3333 

0 . 3 3 3 3  
0.0 
0.0 
c.3333 
0.0 
-0.6667 
0.0 
0.0 
0.0005 
0.6067 
0.0 
0.3333 
0.0 
0.0 - 1.0000 
,-9.3333 
a. 0 
0.6667 

-0.6667 
0.0 
0.0 
0.0 
0.0 

-c.0005 
C.6667 
0.6667 
0.0 
0.0 
0.0 
0.0 
-0.0000 

4.3333 

C O N F O U N D I N G  INCEX? 4.4444 

2 

0.3333 
-0.0000 
0.0 
-0.6667 
0.0 
0.0 
0.0 
0.6667 
0.0 
0.3333 
0.0 
0.0000 
0.3333 
0.0 
0.0 

0.0 
-0.6667 

-0.3333 
-0.6667 

0.0 
0.0 

0.0 
0.0 
0.0000 
0.6667 
-0.3333 
-0.6667 

-0 .0000  

0.0 
0.0 
0.0 
1.0000 
0.3333 
0.0300 
0.0000 
0.0 

b.3333 

3 

0.3333 
- Q . O O O O  
0.0 
0.3333 
0.0 
0.0 

- 1.0000 
-0.3333 

0.0 
-0.6667 
0.0 
0.0000 

-0.6667 
0.0 
0 . 0  
0.3333 
0.0 - 0.3333 
0.3333 
0.0 
0.0 

0.0 
0 .0  - 0.0000 
0.6667 
0.6667 

-0.6667 
0.0 
0.0 
0.0 

-0.0000 

-0.001)o 
-0.6667 
0.0000 
0.0000 
0.0 

4.3333 

4 

0.0 
0.0 
0.3333 
0.0  
C.  6667 
-0.6667 
0.0 
0.0 

-0.6667 
0.0 
0.3333 
0.0 
0.0 
-0.0000 
0.6667 
0.0 
0.3333 
0.0 
0 . 0  
0.0000 
0.6667 
0.0 
-0.3333 
0.3333 
0.0 
0.0 
0.0 
0.0 

-1 .0000 
-0.3333 
0.6667 
0 . 0  
0 .0  
0.0 
0 .0  
0 . 0 0 0 0  

4.3333 

5 

-0.6667 
0,0000 
0.0 
0.3333 
0.0 
0.0 
0,0000 
0.6667 
0.0 
0.3333 
0.0 
-0.0000 
-0.6667 
0.0 
0.0 
0.3333 
0.0 
0.6667 
-0.6667 
0.0 
0.0 
0,001)o 
0.0 
0.0 

- 1  .oooo 
-0.3333 
- 0 . 3 3 3 3  
0.3333 
0.0 
0.0 
0.0 
-0.0000 
-0.6567 
-0.0000 
-0.0000 
0.0 

4.3333 

6 

0.0 
0.0 
0.6667 
0.0 
0. 33 33 
0.6667 
0.0 
0.0 

0.0 

0.0 
0.0 
1.0000 
0.2333 
0.0 
0.6667 
0.0 
0.0 
0.0000 
-0.6667 
0.0 
0.3333 
0.6667 
0.0 . 
0.0 
0.0 
0.0 
0.0000 
-0.6667 
0. 333.3 
0.0 
0.0 
0.0 
0.0 

-0.3333 

-0.3333 

- 0.0000 
4.3333 

7 

0.0 
0.0 

-0.6667 
0.0 
0.6667 
0.3333 
0.0 
0.0 

0.0 

0 .0  
0.0 

- 0.6667 
-0.6667 

-0.0000 
-0.3333 

-0.6667 
0.0 

0.0 
0.0 

-o.oooo 
-0.3333 
0.0 
0.6667 
0.3333 
o * o  
0.0 
0.0 
0,o  

-0.orJoo 
-0.3333 
- 0 . 3 3 3 3  
0,0 
0.0 
0.0 
0.0 
1.0000 

4.3333 

8 

-0.3333 
-1. GO0U 

-0.3333 
0.0 

0.0 
0.0 
0.0000 
0.3333 
0.0 

-0.3333 
0.0 
1.5000 

-0.3333 
0.0 
0.0 
-0.3333 
0.0 
0.3333 
-0.3333 
0.0 
0.0 

0.0 
0.0 
0.0000 
0.3333 
0.3333 
-0.3333 
0.0 
0.0 
0.0 

- 1 .0000 

-0.0000 
-0.3333 
0.0000 
l.Oi)00 
0.0 

5 . 3 3 3 3  

9 

0.6661 
-0.0000 
0.0 
0.6667 
0.0 
0.0 
0.0000 
0.3333 
0.0 
0.5667 
0.0 
0.0000 

-0.3333 
0. c 
0.0 
0.6667 
3.3 
-0.6667 
-0.3333 
0.0 
0.0 

0.0 
0.0 
0.0000 
0.3333 
-0.6667 
-0.3333 

-0.0005 

0 .0  
0.0 
0 .0  
-0.0000 
-0.3333 
1.0000 
0.0000 
0.0 

4.3333 
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D E S I G N  ( 9. 11. 1 )  

9 V A R I A B L E S  1 0  PBEAN€TBRS 

Pt .S ;GN MATPIX 

x i 1 1  x L i 1  X ( 3 )  X ( 4 )  X15) X t 6 ;  

- 1 .  1. -1. -1 .  1. -1. 
-1. 4. 1. -1. -1. -1 .  
-1. - '  I .  1. - 1 .  1. 1. 

1. 1. 1. 1. -1. -1 .  
-1 .  1. -1. 1. -1 .  1. 

1. -1. 1. 1. 1. -1. 
-1 .  1. 1. 1 .  1.  1 .  
-1.  -1 .  -1. 1. 1 .  -1. 

1. 1. -1. - ? .  1 .  1. 
1. - a .  -1. -1 .  -1 .  1.  
1. 1. 1. -1. 1.  -1. 

0 .1042 
0.0104 

-0.0 10'4 
-0.0104 

0.0104 
-0.0208 

C.0104 
-0.0 104 
-0.0104 
-0.0104 

X ' X  I N V E R S E  

0.0104 
0.10112 

-0.0 104 
-0.0104 

0.0104 
0.9104 
0.0104 
0.02C8 

-0.0104 
-0.0104 

-0.ClO4 -0.0104 
-@.010% -0.0104 

0.1042 0.0104 
O.OlG4 3.1042 

-0.01G4 -0 .0104 
-0.0104 -0.0104 
-0- 01 04 0.0238 

0.0104 0.01C4 
0.0104 0 .0104 

- 0 . 0 2 0 8  0.0104 

x (7) 
1. 

- 1 .  
1. 
1. 

- 1 .  - 1. 
1. 
1. 

- 1 .  
1 .  

- 1  
I .  

11  BUNS 

X 6 8 1  X(9) 

-1. -1 .  
1.  - 1 .  

-1. 1 .  
- 1 .  1 .  
-1. 1. 
- a .  -1 .  

1. - 1 .  ).. 1. 
1. 1. 
1 .  -1 .  
1. 1 .  

0 .0104 -0.0208 
0.0104 0.0104 

-0 ,0104 -G.0104 
-0.0104 -0.0104 

0.1042 0 . 0 1 0 4  
0.0104 0.1042 
0.0104 0.0104 

-0.0104 -0.0104 
0.0208 -0.0104 

-0.0104 -0.C104 

D E T ( X ' X ) =  0. 1288490189D 1 1  

E-EFFICIENCY& 93.2 

AVEEAGE V A R I a N C E  OI COEFFICIENTS- 0.1042 

. r -e l .p--  i C I E N C Y =  87.3 

V A R I A N C E  OF FITTED RESPONSE 

1.0000 
0.9167 
1.0000 
0 .9167 
0.9167 
1.0000 
1.0000 
1 .0000  
0.6667 
0.9167 
0.6667 

0 , 0 1 0 4  
0 .0104 

-0.01 0;i 
0.0208 
0 .0104 
0.01 04 
0. 1042  

-0.0101( 
-0.0104 
-0.0104 

-0.31 04 
0.0208 
0.0104 
0.0104 

-0.0104 
-0.0104 
-0.01 04 

0.10112 
0 .3104 
0.0104 

-0.0104 -0.0104 
-0 .0104 -0 .0104 

0.0104 -0 .0208 
0 .0104 0.0104 
0 . 0 2 0 8  -0 .0104 

-0 .0104 -0.0104 
-0.0104 -0 .0104 

0.0104 0 .0104 
0.1042 0.0104 
0 .0104 0.1042 

EkXTdilP1 V A R I A N C E  O F  F I T T E C  R E S P O N S E =  1.6667 
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C E S I C H  L 9, 11.  11 

A L I A S  EBIRIK 

12 
13 
14 
15 
lb  
17 

IS 
2 3  
24  
25  
i 6  
27 
2 8  
29 
34  
3 5  
3 6  
37 
3 8  
3 9  
45  
46 
47 
4 8  
40 
56 
57 
58 
59 
6 7  
6 8  
6 9  
73 
79  

38 

89  

SS 

0 

-0.0833 
0.0833 

-0.0833 
o.iJo00 

-0. , I d 3 3  
0.0000 
O.Od33 

-0. 1567 
0.2500 
0.0000 
0. 1667 

-0.0833 
-0.2500 

0.5000 
0. 1667 
0. 1667 

-0.5000 
-0. 0833 
-0. 1667 
-0. 1667 
-0.0000 
-0. I 6 6 7  
-0.0833 
-0.5000 

0.2500 
-1). 1667 

0. 0000 
-0. 0000 
-0.0000 

I ) .  0833 
0. 1 607 
0. 1667 
0.0833 

-0.0833 
-0.2500 

1.3611 

-0. 0833 

1 

-0. O e S  3 
0.0833 

-0 .0833 
- O . O O @ O  

0.ocoo 
I). 0833 

-0.0833 
0.3333 

-0.2500 
6 .  0000 

-0 .3333 
-0 .0833 

C.25QO 
0.5000 
0.6667 
0 .1667 

- c .  5 c c o  
-0.0833 
-0.6667 

0.3333 
-0.0000 
-0.6b67 
-0.0833 
-c1.5000 
-0.2500 
-0.166 7 
- 1  .0000 

0. [1 
0.0000 
0.0833 
0.6667 

-0.3333 
0.0833 

-0 .3833 
0 . 2 5 0 3  

4.361 1 

-0 ..oa 3 3 

2 

-0 ,1667 
0.1667 

-0.1667 
-0,0000 
-0.1667 
-0.0000 

0.1667 

0.1667 
- c. 0000  

0.5 000 
-0. I 6 6 7  

0.3333 
0.0030 

-0.0000 
0.3333 

-0.1667 
0.0000 
0.3333 
0.6667 
0. I 6 6 7  

-0.5000 
0.5557 
0.3333 
0.0000 

-0.0000 
0.1667 - 0.0000 
0 . 5 0 9 0  

-0.5000 
-0,3333 

0.3333 
-0.1667 
-0.3333 
-0.  6 6 6 7  

C.ODOO 

4 . 1 1 1 1  

0,8333 

CCNFCUNDlNG I Y C E X =  4 . 1 2 9 4  

3 

0.3333 
-3.3333 

0 .3333 
-0 .0000 
- 0.66 b7  
-0 .0000  
-0 .3333 

0.3333 
0 .  1667 
0.5000 

-0,0090 
-0.1567 

0.3333 
0,5030 
0.0000 

-Os 1667 
0 .3333 

-0.0000 
0 .3333 
0. 1667 
0. 1667 
0. DO00 
0. 1667 
0 . 3 3 3 3  

-0.0000 
-0.5000 

0 .6667 

0.0000 
-0.0000 

0 .6667 
-0.1667 
-0- l a 6 7  
-0 .3333 

0 .3333 
-0.5000 

-o.oooa 

3.7178 

- 0  
0 

- 0  
- 0  
-0 

0 
- 0  
- 0  

0 
0 

-C. 

4 

3333 
3333 
3333 
0000 
3333 
0000 
6667 
3333 
3333 
0000 
5000 

0 6667 
9 .1667 

-0.0000 
- C  ' 

0 
0 
0 
0 

-0 
- 0  

0 
-0 

0 
0 

0000 
1667 
1667 
0600  
1667 
1667 
6667 
5 0 0 3  
1657 
1667 
0 0 0 0  

0.0000 
-0.1667 

0.0000 
0.5000 

-0.5000 
-0.1667 

0.1667 
-0.3333 

0.8333 
9.1667 

-0 .0009  

4 . 1 1 1 1  

5 

- 0 . 0 8 3 3  
0.0833 

-0 .0833 
-0.0000 
-0 .0833 
- 1  . o o o o  

0.0833 
-0 .0833  
-0.1667 
-0 7 500 

0.0000 
0 . 1 6 6 7  

-0.0833 

-0.5 0 00 
0 .1667 
0.1687 
0.5000 

-0.1 667 
-0. 1667 
-0.0000 
-0.1667 
-0.0833 

0.5000 
-0 .7509  
-0.1667 

0 .0000 
0.0000 

-0 .0000 
0 . 0 9 3 3  
0.1567 
0. 1467 
0.0h333 

-0.0833 
0.7500 

4 . 3 6 1 1  

0.7500 

-0.08.33 

6 

-9.33 33 
- 0 ,  hb67 
-0.1333 
-0.0000 
-0.3333 

0.0000 
0,7333 

-0.3333 
-0. l b h 7  

0. 5 0 0 0  
0.00011 
0.1667 

-0.3333 
0.  5000 

-0 .  coo0 
0.1667 
0.6607 
0.0000 
'l.bf167 

-0. lhb7  
-0. 1567 
-5. 0000  
-0. 1667 
-0.3333 

0.0000 
-0.5i)GO 

0 .  3333 
0.0009 
0.0000 
0.0000 
0.3333 
0.1667 
0. 1b67 
0.3333 

-0 .3333 
-0.5000 

3.7778 

7 

0 .0933  
-0.0833 

0.0833 
-4.0000 

0.0833 
-0.0000 
-0 .0833 

0 .0833 
9 b 6 6 7  
0 .2500  

-0.0000 
-0 .6667 

0.083 3 
-0.2500 
-0. s o 0 0  

0 , 3 3 3 3  
- 6 -  1067  

0.5000 
0 . 0 8 3 3  

-0 .3333 
0 . b 6 6 7  
0.0000 

- 0 , 3 3 3 3  
0.0833 
0.5000 
0,2500 
0. 1667 
0 , 0 0 0 0  

-0. 0000 
-0.0000 
-0.0833 

0 .3333 
-0.6667 
-0.0833 

0 . 0 8 3 6  
-0.2500 

Y.3611 

8 

0.3333 
-0.3333 
-0.6667 

0.0000 
0.3333 

-0.0000 - 0 3 33 3 
0.3333 
0.6657 

-0,0000 
0.5000 
0.3333 

-0.16b7 
n. 0000 
0.30DU 

-9.1667 
-0.166'7 
-0.0000 
-0 e 1667 

0.11667 - 0 333 3 
O . . i t ) J O  
0.?6ti? 
0,8333 

-5.00n0 
- 0.00  0 0 

0.1667 
-0.0000 

0,5000 
5.16b7 

-0.16b7 
-0.666'7 

0.166'7 
-0.1667 
0 ~ 0 0 0 i: 

4 . 1 1 1 1  

0.wDa 

9 

0.8333 
0.1607 

-0 .1697 
0.0000 

-0 .1667 
-0 .0000 

0.1667 
-0.1667 
0. 1617 

-0.0000 
-0 .5000 
-0. 1 6 6  I 

0. 0 I1 0 0 
0.0000 

-0.6667 
-0 .1667 
-0.0000 

0.3333 
-0 3333 

0 .1667  
-0.5l)03 
-0.3333 

0.3333 
-e. 0 0 0 0  
-0,0000 

0 ,1657  
- 0 * 0 0 0 0  

0. SO00 
0. 5590 

- 0 . 3 3 3 3  
-0. 6 5 6 7  
-0.1667 
-0,3333 

0.3333 
0. 0uoo 

4 . 1 1 1 1  

- 0 . 6 6 6  7 
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L6C;GN ( 9.11. 2 )  

9 9 A 5 I A EL E5 

D Z S I G N  f l A T R I X  

10 P A r l A E I E T E R S  

-1. -1. -1. 1. -1. -1. -1. 
1. 1 . - 1 .  1. 1 . - 1 .  1. 

-1. -1. -1. -1. 1. -1. 1. 
1. -1. -1. -1.  - 1 .  1. 1. 
1. -1. 1. 1. - 1 .  -1. -1. 

1. -1. 1. -1. 1. 1. -1. 
- 1 . - 1 .  1. 1. 1. 1. 1. 
-1. 1. 1. -1. 1. -1.  -1. 
-1 .  1. 1. -1. -1. 1. 1. 

1. 1. 1. 1 . - 1 . - 1 .  1. 

-1 .  1. -1. 1. i .  1. -1. 

X ' X  I N V E R S E  

0.1055 0.01 17 
0 .0117 0. 1055 
~1.0156 0.0156 

-0.0117 -0.0117 
-U.0117 -0.0117 
-0 .01  17 0.0195 

0.0117 0.0117 
-0 .0156 - 0 . 0 1 5 6  

0 .0195 -0 .0117 
0.0117 0.11117 

0.0156 
0.0156 
0 . l O l c i  

-0.0 156 
-0 .0156 
-0.0156 

-0.0.208 
-0.0156 

0.0156 

0 . n i 5 6  

1 1  R U N S  

X ( 8 )  X(9) 

1. 1. 
1. 1. 

-1.  -1.  
-1. 1. 
-1. -1 .  
-1. -1. 

1. - 1 .  
-1. 1. 
-1. 1. 

1. -1. 
- 1 .  -1. 

-0.0117 
-0 .O 117 
-0.0 156 

0.1055 
0.0117 
0 .0117 

-0.0117 
0.0156 
0 .0117 
0 .0195 

-0.0117 -0.0117 
-0.0117 0.01'95 
-0.0156 -0 .0156 

0.0117 0.0117 
0.1055 0.0117 
0 .0117 0.1055 
0.0195 -0.0117 
0.0156 0.015b 
0 .0117 0.0117 

-0.0117 -0 .0117 

G t l  I X ' X )  = 0.1288490189D 1 1  

L-EFFICIENCY= 93.2 

AVEBAGE V A P I A N C E  OF COEFFICIENTS- 0 .  1052 

T - L P F I C I E N C Y  66. U 

MAXIflUH V A R I A N C E  O €  F1T'Ik.U R E S P O N S E - .  2 . 9 0 0 0  

V A F I A N C E  O F  F I T T E D  R E S P O N S E  

0.9167 
0.9167 
1.0000 
1.0000 
0.6667 
1.0000 
0.9167 
1.0000 
1.uoo0 
0.9167 
0 .6667 

0.01 77 
0.0117 
0 .0156 

-0 .0117 
0.0195 

-0.0117 
0.1055 

-0 .015b 
0.01 17 
0.U117 

-0.01 5 6  
-0.0156 
-0.02 08 

0.0156 
0.0156 
0 .0156 

-0.0156 
0. 1042 
O.015b 

-0.01%3 

0 .0195  0 .0117 
-0.0117 0.0117 
- 0 . 0 1 5 h  0.015b 

0.0117 0.01Y5 
0.0117 -0 .0117 
0.0117 -0.0117 

-0 .0117 0.0117 
0 .0156 -0.015b 
0 .1055 -0.0117 

-0 .0117 0. 1055 
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A L I A S  E A T F I X  

12 
13 
14 
15 
16 
17 
18 
19 
23 
24 
25 
76  
2 7  
.'U 
29  
3 3  
3 5  
3b 
37 
38 
33 
45 
46 
47 
49 
4 9  
56 
51 
5 8  
5 9  

r h7 
68 
63 
19 
7Y 
89 

ss  

0 

-0. ' 5 0 0  
0 . 0  
-0.0000 
0.0000 
-0.0000 

0. is00 
0.0000 

-0.0000 
0. 1250 
0. 1250 
0,2500 
-0.1250 

3. ,500 
0.0000 

-3 .1250 
-0.3750 

0. coo0 
0. 1250 
-0.1253 
-0.0000 
-0 .5000 
-0. 000J  
-0 .  5000 
-0. 1 7 5 0  
-0.0000 

0.1250 
0. 000J 

-0.2500 
-0.0000 
0. 0000 
0.12'10 

- 0 .  0000 
-0. i I50 
-0.0000 
0.1#?'>0 
0. 0000 

1 . 1 5 0 0  

t 

-C.2500 
0.0000 
0.0000 
0.0004 

-0.0000 
C.2500 

-0.0000 
-0*0000 
-0.3750 
0.0250 
0.2500 
-0,6250 

C .  2500 
0,0000 
CA750 
0.1LS0 
0.0 
-0.3750 
-3.6250 
-5.0000 
- 3 , 5 0 0 0  
-0.0000 
- 0 .  i d 0 0  
0.3750 

- c .  a000 
-0.3750 
c.0000 

-0.7500 
1.0000 
0.0000 

-0. 3750 
0.0000 
0. 1250 
-c.0000 
0. b250 
0.0000 

4,2500 

C Q H F C U N D I N G  I N C E X i  4.2006 

. 

2 

- 0 . 3 3 3  3 
-0.3 333 
0.3333 - 0.0 000 

-0.3333 
0.6607 
0. 000d 
0.3333 
0.1667 
0.1b67 
0.3333 

-0. l b b 7  
0,0000 
-0,3333 
-0.lob7 
-0.SOJ3 
-0.3333 
-0.5000 
0.16b 7 
-0.0000 

0. 0000 
0.3333 
0,0000 
0. 1 6 b 7  
-0.0000 
-0.5000 
-0.3333 
-0.6667 
-0.0000 
0.3333 

-0 .1 b67 
0.0000 
-0.5000 

L o 6 0 7  
-0. lbh7 
0.0000 

3.7773 

3 

-0.0000 
-0,2500 
0.2500 

-0.0000 
-0,2500 
- 0 .  5000 
- 0. 0000  
-0.7500 
-0.1250 
-0,6250 - 0.5000 
-0.3750 
0.2500 

- 0.0000 
9-  1250 
0.1250 
0.2500 
0.1250 
0.1250 

-0.5000 
-0.0000 
-0.2500 
-0.0005 
0.6250 

-0 .  5000 
0. I250 
0.2500 
-0.0000 
0.0000 
0 . 7 5 0 0  
0.3750 
11.5000 
0.1250 
0,0000 

-0.1250 
-0.5000 

4.2500 

rl 

0.5000 
0.2500 

-0.2500 
-0.0000 
-0.7500 
0.0000 

-0.0000 
-0.-3500 
-0.6250 
-0.1250 
0.0000 
0.1250 
0.2500 - 0.0000 

-0 .3?50 
0.1250 
-0.2500 
0.1250 
0.6250 
-0.5000 
-0.0000 
0.2500 

-0.5000 
0.1250 
-0. SO00 
0,1250 
0.7500 
0.5000 
0.0000 
0.2500 
-0.1250 
-0.5000 

0 .  1230 
0.0000 
0 .3750  
0.5000 

4. 2500 

5 

0.2500 
0.0 
-0.0000 
0.0000 
0.0000 
-0.2 500 
1 .0000 
0.0001) 
-0.6250 
0.3750 
-0. 2500 
-0.3750 
-0.2500 
-0.0000 
0. b250 
-0.1251) 
-0.0000 
0.3750 
-0.3750 

0.5000 
0.0000 
0.5000 
0.0250 
0.0000 
0.3750 - 0 . 0 0 00 
0.2500 
-0.0000 - 0 -0 0 0 0  
-0.6250 
-0.001)iJ 
-0.1250 
0.0000 
0.3750 
-0 .0000 

U. 2500 

0.0000 

6 

-0.5000 
-0.2500 
-0.7500 
0.0000 

-0.2500 
-0.0000 
0.0000 
0.2500 
-0.3750 
0. 1250 - 6.0000 
-0.12YJ 
-0.2500 
0.0000 
-0.6250 
-13. 1250 
0. ,7500 
-0. 1250 
0.3750 
0.5000 
0.0000 
0.7500 
0. 000J  
-0. 1250 
-0.5000 
-0.1250 
0.2500 

-0.5000 
-0. 000J 
-0.2500 
0, 1250 
-0. 5000 
-I). 1150 
-0.0000 
0.6250 
-0.5000 

4.2500 

7 

0.6667 
-0.3333 
0,3333 

-0':0000 
-0.3333 
-0.3333 
-11.0000 
0.3333 
0. 1b67 
0.1667 
-0.6667 
-0 .  1607 
0 . 0 0 00 
0.6667 

- 0 .  lbe7 
0.5000 

-0.3333 
0.5000 
(7. lob7 
0.0000 
-0.0000 
0.3333 

-3.0001) 

0.0000 
0. 5000 
-0.3333 
0.1333 
0.0300 
0 . 3 3 3 3  
-0. 166  I 
- 0.00 00 
0.50m 

-0.3333 
-0.1667 
-0.0000 

3.77711 

0. 16b7 

8 

0.2550 
-0.0003 
-0.0000 
1.0000 
0.0000 

- 0.2500 
0.0000 
-0. 1250 
-0.125U 
- 0 .;so0 
0.1250 
0.7500 

-0.0000 
0,1250 
-0.6250 
0.0 
0,8750 
I). 1250 
0,0000 
-0,5000 
0.0000 

-0.5000 
0.1250 
0.0000 
0.9750 

- 0 , 0 0 0 0  
5.2500 
0.0000 

-0.0000 
-0.1250 
- Q. 0000 
-0.6250 
0.0000 
-0.1250 
-0.OJOO 

4.7500 

-0.ooao 

9 

0.0000 
-0.7500 
-0.2500 
0.0003 
0. 25u3 
0.5000 
0.0OOD 
-0.2500 
0,1250 
-0.3750 
0.5000 

-0.6250 
-0.2503 
0. 0000 
-0.1250 
-0.1250 
0.7500 
-0. 1250 
-0. f25 ( J  
-0.5000 
0.0000 
0.2500 
0.0000 
0.3750 
0.5000 
-0.1250 
-0.2500 
0.0003 

-0.0000 
0.2500 
0.6250 

-0.1250 
-0.0000 
0.1250 

-0 .  5000 

-0.5000 

4.2500 
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DESIGN ( 9.12. 1 )  

9 VARIABLES 1 0  PARAMETERS 

3ESIGN M A T R I X  

x ( 1 )  x f 2 )  x f 3 )  Xf4) X ( 5 )  X ( 6 )  

-1. -1 .  1. 1. 1. 1.  
1. -1 .  -1 .  1. 1 .  -1. 
1. 1. -1. -1. 1. 1. 

-1. 1. -1. 1 .  -1. -1 .  
-1. 1. -1. -1. 1. -1 .  

1. 1. 1. 1 .  -1. - 1 .  
1. -1. -1. -1. - 1 .  1. 

-1. -1 .  -1. 1. -1. 1. 
-1. -1. 1. -1. 1. -1. 
-1. 1. 1. -1 .  - 1 .  1 .  

1. -1. 1. -1. -1. -1 .  
1. 1. 1. 1.  1.  1. 

X ' X  INVEiiSE 

0.0833 
0.0 
P.0 
0.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0833 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
il.0 
0.3833 
0.3 
0.0 
0.0 
0.0 
0 . 3  
0.0 
0.0 

0.0 
0.0 
0.0 
0.0833 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

x ( 71 

1. 
-1 .  
-1. 

1. 
1. 

-1 .  
1. 

-1. 
-1. 
-1. 

1. 
1. 

0.0 
0.0 
0.0 
0.0 

12 RUNS 

X(81 X(91 

1. -1.  
1. -1 .  
1. 1.  
1. 1. 

- 1 .  -1. 
- 1 .  -1. 
-1. -1 .  
-1. 1. 
-1. 1. 

1. -1. 
1. 1.  

-1. 1. 

0.0 
0.0 
0.0 
0.0 

0.0833 0.0 
0.0 0.0833 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

EET f Y ' X )  = 0.619173b422D 1 1  

C - € F F I C I E N C Y =  100.0 

AVERAGE V A H i A N C E  OF COEFFICIENTS= 0 .0833  

T-tFTICIENCY= 100.0 

WAXIklUM V A R I A N C E  O F  FITTED RESPONSE= 0.8333 

VAPIANCE OF FITTED RESPONSE 

0.8333 
0.8333 
0.8333 
0.8333 
0.8333 
0 .8333 
0.8333 
0 .8333 
0.8333 
0 .8333 
0.8333 
0.8333 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0833 
0.0 
0.0 
0.0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0833 0.0 
0.0 0.0833 
0.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0833 
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i L I A S  ElA‘TRIX 

1 

0.0  
3 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
Q. 0 
0.3333 
0.3333 
0.3333 
0.3333 

-0.3333 
-0,3333 

0.3333 
0 . 3 3 3 3  

-0.3333 
-0.3333 

0.3333 
-3.3333 

0.3333 
0 .3333 

-0.3333 
-3.3333 

- 0 , 3 3 3 3  
0.33.3 3 

-0.3333 
0.3333 
0.3333 
0.3333 

-0.3333 
0.3333 

-0.3333 
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0. c 
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0.0 
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0.3 +33 
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0.3313 
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0.3333 
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0 , 3 3 3 3  
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-0 .333 3 
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0.0  
0 .3333 
0.3333 
0 .3333 

-0 .3333 
0.3333 

-0.3333 
0.3333 
0 ,3333 
0 .3333 

- 0 , 3 3 3 3  

3.1111 

5 

0 , 3 3 3 1  
-0 .3333 

0 . 3 3 3 3  
0.0 
0.3133 

-0 .3333 
0.3333 
0 . 3 3 3 3  
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-0.3 333 

0 . 0 
0.3333 
0 .3333 

-0.3333 
0 . 3 3 3 3  
0 . 3 3 3 3  
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0 , 3 3 3 3  
0 . 3 3 3 3  
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0.3333 
0.0 
0 .3333 
0 3313 
0 . 3 3 3 3  

-0.33 7 3  
0 . 0  
0 . 0  
0 . 0 
0.0 
41.3337 
0 , 3 3 3 5  
I ) .  3 3 3 3  

-0 .33 33 
-0 .3333 
-0.3333 

3 .7119  

0 

0. 3333 
-J. 3333 
-0.3333 

0.333 3 
0. G 
0.3333 

-0 .3333 
3.3333 
0.3333 

-0.3333 
0.3333 
0 .0  

-0.3333 
0.3333 
0.3333 
0.3333 
0.3333 
0 .0  
0.3333 
0.3333 

-0.3333 
0 .3333 
0. 0 
0 .3333 

-0 .3333 
0.3333 
0 . 3  
0.3333 
0.3333 
0 . 3 3 3 3  
0 . 0  
0.0 
0. 0 

-0 .3333 
-0.3333 
-0.33 33 

3 . 1 1 1 1  

7 

-0 .3333 
0.3333 

-0 .3333 
-0.3333 

0 , 3 3 3 3  
0 .0  

- 0.33 3.3 
0.3 3 33 

-0.3333 
0.3333 
0.3333 

-0.3333 
0.0 

-0.3333 
0.3333 
0.3333 
0.3333 
0 .3333 
0.0 
0 .3333 
0.3333 
0.3333 
0.3333 
0. 0 
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0 .3333 
0.3333 
0.0 
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3.11  11 

8 
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- 0 , 3 3 3 3  
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-0.3333 
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0.3337 

-0.3333 
-0.3333 
-0.3333 

0.3333 
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0.0 
0.3373 

-0.3333 
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0.3333 
0,3333 
0.0 

-0 .333 ~r 
0.3333 

-0.3333 
0.3333 
0.0 

-0.3333 
0.3333 

-0.3333 
0.0 

-0.3333 
- 0.3333 

0.0 
.- 0.3333 

0.0 
0.3333 
0.0 

3.1111 

9 

0.3333 
0. 3333 

-0. 3333 
0 .3333 
0 . 3 3 3 3  
0 . . 3 3 3 3  
0,3333 
0 . 0 

-0 .3333 
0 .3333 
0 .3333 
0 . 3 3 3 3  
0.3333 
0.3333 
0 . 0  

-0 .3333 
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-0.3333 
0.3333 
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