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oo~ r . i p t i v  : hooi 1 h i ’ C U l l ’ 1 i C O O  lv t Ill ’ ]  ‘ I O n 1 )  I I ’ h i ’ ‘ I I C I ’ ,‘ 1 C o t  l I l t ’

i ;o t h e  I ~~~ lii .

~~ I ’ 1~( ‘N V I

An C.’~ 1)C l 1 0 0 1 . 01  1 C I  ‘0 t . i . ’~’d ~~‘ i t  Ii . o I I  1 1 l ’l I i .1  C t  p~’o ; o u t  t ’ I ’ll—

d i t  ions unde ’r  v h i  oh to  r i m  . i n  t ,
~~pr ’r 1 ~O . ’ O I L  . N I ’n e r v . i  t I ‘no o~’ ii I’. uhi t O
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C~~’1 ld i t  10115 ~ I t he  i’\ pei ’  l I , l t ’ l O I C I I I !  I III .’ 0 0 0 . 1 0 1  V . 0  l I l t ’ i t  t h o  ‘ \I ’ O 0 0 0 ’ ’ ] t  .0

C O I L  C ‘1010 . ftI ’ 41 ’ )  1~ I’ 1 1C h I t ’ I t ’ l l ! C 0 0 1 0  0 ~~~,l  1 ~~ t i l l ’ L t 1  C ‘ 1  . . 0 .  0

(h e  doa.i in , ~‘ i  t l o t  I ’ l l .  1 1 1 1 1’ 1 t n t  i ’ t ’ t.’O t . A oo i’ ’ I I o . i  t ion  ‘1

0. 1011 p ’  m t  ~ i i i L i i i  d m 1 1 . 0  h i  .15 t o  1l ’\S ’ ‘ i l . ih iV Ii ‘ 1  (‘lOt iv ,ile ~it 1 v
x

t r ~i C t  I O O I  ~ ol t b ; ’ t ’ 0 0 0 t ’ l~~’ , I I .  10 0 1 0  . 0 1 ; ’ I I ’ 1 ’ ’  t C I~~ ’11 I C  C C I  i t O  .1

des i n n . Soo’iet b o o  t h er e  . I V t ’ c i .’ i t  . 1 0 1 1  1 ~~~~ 1 , 1 i n t o  on t1 ’I~ (li e
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cbsL ’r ~’ . . I t i o nn C II ]  be ~l.i~ c~~t~ d (e.g. , no m o r e  t h an  k
~ 

of t h em  can he

run un d er  cond Ition x) . The collect ion  o t  ill ,o l loi’:i t ions ‘.~hicii

these restra too ts is cal led the des Io n  s ot  t m n I ,  . l’ ’l a d e s  i n

t U ~~~~‘ 11:; ~~~ ‘ntab1e n Np must be an i n te g er .  A n . ’ des m n ‘,~ t b
x

t h i s  feature is c .tlled an 0.-LIst  d e s i nr i  (with N ohoorvat jOllo.)

F r om a theor  ‘t i c , i L p o i n t  o f v iew , the re are  advan tages  t o  be :,a~ ncd

f r o m  cons i d e r i n g  a b r o a d e r  c ‘LO SS of  1i o o ign s .  w h e r e  N is l I t ’ l o o s e r

e x p l i c  I t  lv p r e s e n t , g iven  as p r o b ab t l . i t v m e a s o i r c s  on th e  d omoo i.n o t

i n t e r e s t .  Fo rmal lv , we define an a p p r o x im a t e  des ign , , to be any

probabil ity measure on the domain. it turns out  that we may re-

s t r i c t our  a t t en t  ion to d i.scrcte m c o i s o L r c ~ ~ with support tn a small

numbe r o f p o i n t s .  For such me as u r es  and r e ; i s o m o : i b l v  lat’ ge N , an

ap p r ox  ioim:l t e des I sn is c l o n e  lv ap p r o x  eoo , o ted by an ex a ct  don  I g i l

w i t h N observa t  ions where  e~~c1i Ii l~ I t aken as an i n t e g e r  c i  one  1.0

N p .  I t  is known tha t ex a c t  designs wlo icli are thus clone to L’ent

app rox imate  desi gns have cnN -  s l i g ht  iv r ed u c e d  o p t i m a l i t y  p e r  f o r m —

ance .

For f ixeci o i s su i o o p t  ion s about  the un d o ’ r i :’ 1flI~ S i tu~i t  bo om , t h e

variabili ty :lsSoc mated wi th a n .  e s t  i r n a t e s  t h o r  ar e  r~m .-od~ d e p e n d s

only on the den ign . lIes t den t~ ois are t h o s e  wh ich  in sonoc sens e

min imize the errors , i O C C C  V oted with making the set .  ~ f e o o t i m a es

which is the goal of tile expt .’r io’o’nt . Since we c a n n ct  e x p e c t  t o

simu l tanoouslv minimize a l l  e r r o r s , we may deeid~~, f o r  i n s tan c e ,

to minimize the worst expected error or . perh aps, the  CV e r ~ig t ’

expec ted error. Which of these is mo r e approp riate d e p e n ds  en 0

the experimental situation. There is no hope f o r  a can o n i c al

no tion of desit;n op timi li tv . in Sect  i o m i  2 , we p r e s e nt  ~ nd h r  ~~i I I  v

d isc uss sev e r a l  ~ f t he  m o s t  c ommon 1’r i t o r i . i  o t  o~~t i I o o a l Nv .

T h r o u g h o u t  we 01 FO a s s u m i n g  t h a t  a rand om v a r  i , o t ’  1 o v , c a l  led

the  r o s p e t m s o  v a r i a b l e , is re 1.:’.tcd to a L’ o n o j r o  H a hN -  v I r i , I b i e  x by

a relat jon of t he  form

—
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E ( v x )  f i x ) ,  or

-: x : o x ~ + c , wh er e  EN  ) 0.x x

T h a t  is , th e  o b ser v ed  v a l u e  of v when an e x j ’e o ’ iooo e n t  15 r u n  u l i l l e F

cond i t  i ons  set  a t  x is a r an d  oooo “a r jab Ic ~
‘ x whose ~~ -0 pi~~~: t a t  ion is

V u n c  t 1001 .11 lv  r e l at e s  t o  x . The fui~c t ion I may be c a l l e d  t h e  r e —

~‘N°N~ 
5 1 1 0 H C C , t i e  r c sp c n o ;s  f un c t i o n  or t h e  r e g r e s~Jon I n i o . t i o n .

l 4 u , l l l v  we ossnoome t h a t  L is ~‘a r t i o i i l v  k t o 1 ’ o , o :  say 1( x )  = f ( x ; o ~)

where 0 i s  a v ec tor  ~ 1 unknown pso ’.imeters whose o ;pec  i f  x C a t i o a  won l~I
completels.- determine 1 .

Choosini.t a m o d e l  lne. .mns  , L t ~ C e 0 t . [u s  the h v p o t h e s i o ;  O I L  I h j o . a

c e rt a i n  f un c t  j o m o n  I f o r m  and t l i o t  t I m e  n e t  of e r r o r s  f or d is t  I n c  t

r u n s  of the  c x p e r i m c n t  l i o s  a g i ven  e o v a r i  nice m a t r i x .  :\ i i n o , m r

m~ dt .’1 p o s t u l a t e s  t h a t  f is l i n e a r  i i i  t h e  C o m p o m l e n t s  o f  / t ( n , e ’) =

- ix)O , , a l t I i o o i ’~ li t h e  f u n c t i o n s  1. ~~C\ - n I h  h ’e n o n l i n e a r .  1/ I m o m o
J J

we also t a k e  V , t ho c o v . i r i a o o c e too . m t r i x  f o r  the errors , to  b e of  t i m e

I c r:o. c we ca l l  t h i s  he s ~ n J o o ~ o CL o r  mod ’ ’ 1

Some ni’sIl l t s , I F C  ,IVL1 ii ab Ic  f o r  ios ,il I I I  C I ]  trod d o ;  . A r ~‘~~
• icr’

of til ts 1 ~ ti ’ ra  tu r e  can he £ i’Cmli  i n  I I . J ~‘iot i  ao i l  P u1i’’e r ~ 1 11 , . 1)

I c r  i n  ~~ . if  V is n or  c h , , ,  h u t  i s  kmn’r - n , t hc’ti ti me Y v,ort:Ibleo ;

can he t r an s f o  med t o  set  Z = V ‘ V wbm ~’oo e r r o r  c o v ar ~~aflce moo t r

is the  i d e n t i t y , in ~I s i m i la r  w , m v , v ,ori. .ible cost a n o o c ’ c j , o t e d  ‘., i t h

r u n n i n g  th e  e xp e r  oi.eri 1. n u d e r  LI if er e n t  cond i t  ions  x o a i l  h1’ incor-

p o r a t e d  i n t O  t I l e  den  i , ’, mi p r o b l e m  t I l r o l m ~~li .1 we i : ’, h o I  i n n  L o c i 1 ’o , \ (x )

c a l  101l t i l e  elf j c L e n o v  of  t h e  exper  i ru m o t  a t  x . (I~~t’ , I o r e o , , n I o ’  c ,

F1 ’~ior~~ (1 972 ), Section 1.5). o~t i I o r  techni1p m e s f o r  d e . I l i n / ,  w i t h

I i ’ p Vi’St ’IIC e ~ t’ c or ret at 1’d er r o r s  i n  r e.L ret - s b o l l  p ro b  lens b y e

been .1 eve I oi’ed by f.ic k o ,  ooo d ‘Vi vi ~kc r tL)I,u , Ii

SI ’IO IO t but’s he ap p . lr en  t ox is) e o o c e  o f  cor re 1 at ed 0 0 0 , ’ 0 ’ ]- C I I I  I

p0- let N a  1 l y r e s o l v e d  by l o o t r o & l u e i a I  m I d  i t  i o n a i  p a r a m e t e r s  ~o t o e

t’espo ooo c m o d e l ;  e .g .  , l~v p oSt u i lt i n g  the ex l o o t  1 111 1’ o f 1 t ’ Oo

effec ts in o m t t u , I t  10115 i~’h e t e  r ep e a t e d  001c,mool m r L ’monts ,1t ~O t .IKCOO en t h e

S , I . I I e  i n d i v i du , i  l . [Sec I l e d a v n t  arm d ~\ t  s o t ’  si ( 1  ~i7 5 , t ) ;5 )  I or

thi s topic and cc l,i ed rot’ ereo~ces
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~1

~h’st 0 t he lit o ’r ,m tu  r1 ’ I’om m c r a. t i lt ’ st  o t o d . m r d  1 1 f l o o r  flOo d ci .

~I j o o c i o s s  I l t i n 0 j o f i  oo the next sec t  ion , b o i t  c l o s e  i :o  t h i s  O I O C

so I: ,’ o o  r a n t  p m c l m m i m i l r v  c on s  i u e L ’ ,~t i o n : t h e  c h o i c e  of  1ooo ’tj e ’j :

A tk i n s o n  ~~~ Fedo i - ov ( l97s , i~~75) h ,i~’e d i sc u s s e d  d e s i g n s  f o r  d i n t  i n —

ego i : . h j t ’o g be ’ we~’n r i v . i  m o d e  I s , b u t  ito g en e ra l  t u e  p r o b l e m  01

ep tim.ol d e n  i g, n s  t o  o l d  in s u c h  o:~’d~ ’ I !‘‘~ i i 1 o : o ~ r e m a in s  oo e ] o .

in  needed to S cv ci op h oe L bode  log i en olnS m e . o s o m r  e~- ef a m et  h ood o l og v s

e f f e c t  i~’eness  i n  e t m , i i ’ l i n g  a r L . s e , m m c i l l r to a r r i ve  at a m:ioJ~~l t l o r o u ~~b o

expe r I 010I ’ ml t i t  j on .

The p o o h  Lea beco m e s  s l i g h t  l v  m o r e  t caL ’ t, .oh Ic i t  we have a m ode 1

n - b l o b  we b e l i e v e  is si. gusto , h u t  we ar e  m o o t  e n t i r e l y  su r e  01 it.

won i 1i l i k e  .0 ( le o i en  wh I c l i  S i I t o  m m e o u  ly p r  ‘v i d e s  . m L L  u r i c  on t j —

m at e s  under  our  .ossumlle d m ode l  n-u l i e  p r o~’ (1 1 ~t r  ~ r ~~ cc t io n  a o ~o I n s t  —

mo del  in.dejii ~ocv . ‘lIme be tter the des i go m f or one p m r p L ’SL ’ , t be w or s e

it is  f o r  t i m e o th e r . Box nut P r a p er  ( 1 ~
) C’) ) ini ti a ted d m s C 1 0 0 0 s 1 0 0 0 0  o f

t h i s  p r ob  icon in .o r e gr e s s  ion  se t  t I u p  n’i m ~’r e  00 ~0I \‘toe:O : too l f u rs : 1. i on  o f

f i x e d  d e .t r e e  is f i t t c d  a l t h o u g h  t :e t r u e  r e s p / ’no ; L ’ 1 inoet ten ~s a

p o lv n t ’cmia l  0) s i g n e r L i e g r e e .  i ’ s o ; e o : t  o i l  I v , t h e y  -m eek c’.’ o o m ; o n s  ~‘ l i i c h

m i o o i : :m m  ze i o o 1 . e ’, r , o t e d  mne : m o square err’ r olet ’ t he  d e m , m  I t o  00  t h e  i . —

sp ouse tol m lc t m e n .  Further work on thi s t o p  Ic has  been den1  , I C r

ex a n m u i c , i~:: ~ a r m - o u , M . i n s ou and 11,50 (5 i’~b9) and S 1 L ’ m e r  ( 1  ~7 i)  . A

n i c e  r e v i ew  ol  t h e  o,’ctrk p r i o r  t o  111 7 i is g i v e n  in St in  I er 1.171)

A ; l o t l o . ’r - o p p r o . m e h  has b een  t ak n isv Sr iv a st o o v s  (l°75~ ,tti d

Sr i v , i s t a v , o and Gho slo ~l 9 7 7 )  In t h e  1 r s c t i o ua l  t . o e t o r .m . l  S e t t i n s ,

w h e r e  t l o e v  have f ou n d  f as m i lies of do. igol s w i t h  o p t i m a  1 m l  V P i l i o ~~

Citie s I L ’]’ t I O C  ,lSSOlIS t ’ (l ]0 .O JL ’ I w ho i cho :1 I tmU I t o l : m I ’ o l l o i i \’ i l l  t v  1 C V - .! t  I —

g :it ( ‘i’ S t o ’  “ S t . ! r ob ” f o r  ( ‘00 ”  00 ’ 11101 0 ~~. i  c mou, t t ’U S  ~‘hi I c  ii . om , oo I ~l io iv e

been Inc b i d e d  tfl tIle 0 1 10( 11’

2. 111 I I  IN C’ ‘ ‘ : i N \ ~ . ITY FC ’ht S l ’ANI \ lbl i Li VAl~ ‘fly I

h e  .o ~~o 1 l t m e  t . o t  I x )  = ( I  (x) t - - ( x )  ) i s  , i k m o ’o~’ oo I t l m ~ c 1 0 1 : 1
1

no d °
~ 

• a ve c t o r  e t  m 1 1 0 S 0 1 0 ’ S l l  p a r . I m i I e t e r s  s uc h  t o ~~(

v t x h f , ( x ) I , + c , EN . ) 0 , Va i ’ (c  ) = 0,
j  -s

and th e  cov .i r 1 . 1 0 ’ ’ ;  he tw een  s f o r  ~I i , o  i n s  t runs a r t ’ o i l  I
x
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Ou r pr o ;’: a;’ i O ’,L Ctent 0010t\’  c o n t I  0 on either ~‘t two t y p e s  o ’ ‘, o~~~:

e S t i  L t ~~0:l of ~ me .‘ m l ’  .(‘t (p e t  1 1 0 m g : .  a l l )  of t h e  l’ . m r . o : ’ e t 1 ’r s  i f , ~~ , or

e s t im a t i on  of the rL sr~’ust’ :uu1 ’t m o o  On  some r~ ’ : :eoo , t o s e o l i l v  ~h m e

domain  of i t  1.ew.o b L o x ’ s f o r  t h e  dt ’s L g m m  s et  - t o e .  , tVim ~ ot t O I L ’ :‘~~g i e o o

~ f e st  i : : .st i on C O n L . i l m l S  on ’ L o t s  o u t  S . U 0  t O o l S  , l m , o i n , t i o e  ~‘n ’ 1 ’  i e : m m

beC ome s  0110 ot  e x t  r oo ’o  I m i  I ofi . )
The p i oneer ing  w o r k  et  S m i t h  in 19 t5  i~~t r 1 ’du t ’cd a : l o s t  IL” ors , ol

d e f i n i t io n  of desi gn o p t  i m o l i t v .  It  w o n  a uesp~~oosc func tion cr

t e n on.  E s s e n t ia l ly , if  [ L x )  i n  ou r  e s t l : c a t t ’ t o )  f ix) , she con—
‘s

st r u c t e d  desi gns who [ e l m  :: iS f: ’~Ned m ix  v a r  ~x)  f o r  X 11: t l o t ’ r e g i on

of def i n i t ic ’ tl - K ie  f c c  has cal led LidS ig m m: ;  n i  tb  t h i n  p r L l h I t 01  ~ C—
opt  ins t  ( I cr  gL ’m o e r a b  i::eJ v a r i a m o c ~ ) ; I” edo ro ’.’ c a l  is t h emn 00 1 10 i : sox

A n o t h e r  ;u e1onoo r e  of  den Lgo i  ~~~OL ’ U ] 0 O S S  in  t i m e  n r e s e : O L ’e 0 t  pon s t o  c is in s  ~n

i n t e gr  a ted orono ’, sg o o a r c e  e r ro r  , lOS loo t r od u c ed  i s v  Box and D r a p e r

(1959)  , a l t h o ug h  tb  i s  c r i ter i o n  ii ,os i ts  ~ r o1 [em s , 1ms K i ~ ’f er  p o i n t s

c u t  (1973), Papers by C. E. P. ho:’: and col  i e a o t o i e n  p r o v i d e  m o r e

r ecen t  r e e r e nc e n  f o r  den i gn Opt Lno. ~ h Ny  g o m e o t  j omo s or i e n t e d  t on’ord

resp ons e ’  f u n c  t ioo i  es t  i ; :o s tj o t l .

A l m o s t  a ll  of  t h e  l i t e o- o i t u r . , ’ 0fl des ign opt 1m,Il itV , i o L ’ n e \e r

has c o n c e r m o e L l  cr [t on i w h i c h  are oooor e directl y reiatc ’d t o  j ’ . l r . l r O L ’t t ’r

est  ic i . i t ion .  ~ ,old ’ s i o o , o o i g u r a l  r o p e r  it o t h i s  ,sre ,o ( b 9 .~d)  s t i l l  n m , m k e s

goed introductory reading . K i c t ’c t ’ ‘ s . l 97 .~i “ L e c t u r e s  c ’m o D e s i g n  T h e or y ’’

p rovides  a m o r e  r e c e n t  , oxcc ’i l  cut  o y e r v  j e w .

if 0 i.s estimable , then so i s  I, at i ~h a b e n t  l in t ’ .oo ’ unb i a s ed

es t i :n .mte  fo r  0 is

0 (X ’X)
1
x ”V ,

where  N is t he  N~ k noa t cix whose i row is t cx  ‘ . t h e  vs I m m e  ~ ‘ I at

t i m e  x used in run t ’  b l o g  t i m e  ~~~ ox~’er iment . Then N ‘ N in ca

t I m e  ~m o or: :: o t i  o:i m a t r i x  of t i le ue 5 i gmo , and - iN ’ N) o : o  t he k’ k tm

va r iance  m a t  r ix  f o r  t he  es t irn.o t o 0 . In so~:mo o ’ t  I n c  ms.ov n o t  P

i n t e r e s t ed  i o o en t irsoo t I to g i 1 1 the olnkn/ ’wn p.o r ,omo t is in ~‘ l i m e  is 1’. ~~‘ i v

not  even be p on s  ib i e  to  do so. In g t ’n ~’ral , i m ’ n ’ever  , n c  n - i  i i  , os: . : m :: , e

t h a t  (0~ , t hoe 11nknoo~-n \‘eet or of o m m t e r t - s I  , i - n j ’  o ,os II’ V

res t r i c t e d  or t r , o n s t o r r ’ ’d sl mb ’s(L I Us ’ e m I i t o a l  s e o  o h  u n k now n

-



-
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p.o n ame  I L ’ S  S w i t  l ol l  is  en t 1:11. : b Ic , IllS O s 1 ’ oc ill des 0511 .1 t C t hi e L’ O’~’ . t i  t . 1 0 0 0  0

m atri x for thu boo t lime.i r u n b i . o s ’  051 ism.l L ol ’ I s  r ’ ~ a~~ ,’ ‘ , v n e : e

II on  t too in ~ec.:o O t o on ts.o tr ix of t i m e  do: .  i5 ; l  t 0 r  i t ’ p o s S I  is
s t r i 1 ’t ~~d p a r am e t e r  St~t 0 ) .  is’ b m , o ’ o m m ,’ e ’ ,, i ; i m t o  em: mp I m a . ~ i:’e N ’ s L I e g , : m d —

once on t ioc  d e s ig n  d - we w i l l  wr it e it as Nid)

It  is natural t o  -e , on r  to cell .o ue sigoo 3 t’~~t L:l.Il w ool  the

100 . m t o ’j x  Y L L I ) i s  as sr m . m I i  as pens t I C .  ‘i ’ be n e st  c e l 0 0 0 m u t o  :,c . o s o m r c s

of the  s in e  of  .o tin t cix ho.ove  g e n e  sated the ro os t  p o p u l a r  m : o e ; i s u r e s

of a des [plo ’ s o o u m m e . ~s . T h u s  we sn’- ol d e s i gn d ~ is D— , A— or

n—o ut inn] , 1:’ (respect ive Lv) the determ inant , trace r rmL ’dulus of

the l a rge .. t e igsolvoo lim e o h ’ ~h 1 I ,  no in is: i ~c th ~~t d~~. (“A— ” S t  a m o u s

for .overas,o , £ use t r. m cc IN ) = . ove  r a ge  var  Li  m i c e  l5100 :1cZ ( C 1 ~~
‘‘

~~~~
‘

Li  :-1ezm r f u m e  1 n L ,  3 - ‘i m e d  .011/i I m e n — n e g a  L i v e  on t h e  k -
~ k n/ I—

n e g , o : i v o  deo t im  to m : , , m t r L s ’es , co i n a t so  he used to define ; ‘i.m tm sih lo

. m l t e r : m . m t j v e  c r i t e r i a  ( n . e ~edc r c v  i t ~~7 )  , Section .f). P e st

designs of t h o s  to -us ire called l-’aj t Isool .

The K i o 1  er—t7,’’.foicim: eo ,::i\’att ‘ I L ’ e ~h e c ’ r e n o  ( l ’ i b 0~ b o o

t I l e  at’parcnt t.oo ’ l’t-tn ’o~’m : cetl sidcr .I o o mo s of d c s o : ’, n L’ ;’t ’/ :’ :.l l i t ’ -  b a s e d

on p a r . o m c t e r s  ~- c r s m o s  response surface coom s i d o r a t  [OtiS . It shows

t b o . m t  i f  i s  , o:o  a I ’p r o: ’o  [m a t e  . l c s i g u  ( .m r r o ’i’ . m b i b i t ’  m e a s u re ) , t : , e n

in D—opti::o~ol ~ P— opt om at *~~ ~~~~ m a x  V . ; ] ’  t ( x )  k, t i m e  m ;om m i ’e r  o t

m m t i k n c w o m  pau .ia’’t’.’rs iso i n ; :  e s t i m a t e d ,  t i m e  t h i r d  en t e r  i o n  r r e v  ides

yoni m m mi: ie t~~oi fo r  c h o c k i n g  t i m a t  a ~I e n  o g u  is 1)— or G~~’pt h::a I -

n-oi 1 om s f o r  d o v e  L e p  lug al gor  it boo’ s for constru ct ion of such den ipmoo ;

[s ee , f o r  exam p le , At ’ 5’ eL 1 (1973 , 1976 ) Wvm ’o t ’i ç I 9 7 0 , l~i 7 2 , 1973)

101 (1975) K .i e [er  j : o t o n n i u c c d  a ‘‘ n o l o m  h o o t ”  Se t  o f  p r e C ’ c r t  i o n

which IiO O V e pt in i a l i  t v  h i m m i c t  j ou s t , .‘ , on th e  k’°k 001 — t l e g a t  m e  i h e f  LI ’ t C

m a t r i c e s  s h o u l d  h av e .  h~e o m g h t i v , nt, - c a l l  S U L It a l I t t l e  t i o n  ç’ on

~ v I t m u s t  l oo m ’ 11 (1) it in c.’ toy ex ~ i 2 )  eN )  dec  ceases  , lo;

p o s i t i ve  e j a r  ea ;e n ; , o ’,OLI ( ~) ‘ ~~5 I m O : I e i i S  11 V t ’ 11 I r e ] . i  ~ I i  1 m og of

the m o m m k ~oowt i  p o r o o m ’ t e:’n . ‘.‘io is  b r e t t  i i  1 ,55 ,‘ontaitos .oll the orove

e pt i m . il i t v  f u n e t  iot i a~ n. A des i gn d° is ~,o i d  to be it m’t i \ ’ e : s  i l l ’ .

m ’ t i  i t h U ) I ) 1~~ m 1 m m m m I Ll 1 5 t t ~~~~~~ ~ p t  i i i  i

f~~:t,’t 1 0 n . i i  ‘ . Al L l m o m g l m  n : , m n v  of I c cl,o::sic,o I den



can be shown  to  he u n i v e r s a l ly  o p t i m al ,  p er h a p s  ~. o m r p r i . i r ’ . g 1 y th i s

is Ole t  ‘~~
‘ t r u e  fo r  a l l  such h i g h ly  b a l an c e d  s tr u c t ’o r ~~s [ :‘LL’ , 

-

for  example , K i e f e r ( 1 9 7 5 ) ] .

3. F INAL R Ed-lARKS ANP P h P m ”ACIi TO T i lE B L i I L I O G R A P h i Y

L i n m i t a t i o n s  of space and t iro m ex a c e r a b at e d  u m o d o u b t e d i .-

ign o r an c e , have caused  many  interesting arai irp ort amo t lines of

research  to  be t r e a t e d  he re  too l i g h t ly or not  a t  a l l .  Lisa :  we

have a t t em p t e d  is to o f f e r  a kind of s m o r g o o s b o rL I in which  you can

f i n d  a t a s t e  c i  eac h of t he  k ind o of  probi~~nm o ; t iso t ar  i so  in de-

sign optim alitv . Tue bibliogrnp l m - t’ t h a t  foticws represents ;o more

s e r i o u s  a t t e m p t  a t  c o m p r e h e n s i v e n e s s , b u t  s t i l l  ito a 1 i : : o i t , 3

sense .  ~Ce have s t r i ven  to be t h o r o u g h t ’ n o l m g t o  to e n s u re  t h a t

any i:: o p o r t a n t  a r t i c l e  can  be f o m ,m : ’.d in at  :: st  a d e p t h — ’ ooe  sc . m r s i m ;

i . e . ,  t h r o u g h the  b i b l i o gr a p hy  of an a r t i c l m  tha t can  be f o u n d

in our l ist i n g .

(The - ‘u t i r e  a~~e0o of r e s e a r c h  wh ich  we h a v e  n e i t h e r  t o u c h e d

• on h er e , nor  r e f e r e m i c e d  in the b i b l i o g r a p hy , is t h a t  of  cotn bim s ; . 1 —

t o r i a  I d en  11’ . This sub j  oct  c o n c e m  ;: ,s the  c o n s t r u c t L o om and co m s —

b i n a t o r i a l  p r o p e r t i e s  of d c s ign s  apart fro ,;I c o n s i d e r a t i o n s  of

s t a t i s t i c a l  o p t im a l i t y .  Those w i s h i n g  t o  i n v e s t i g a t e  t h i s

subjec t ma :-- wan t  to bei; iio w i t h  R aghav ara o  (197 1) .

As a deeper  i n t r o d uc t i o n  to op t ima l  d e s ig n  f o r  those  f o i t n i l l o o r

w i t h  the  theory  of l i nea r  models , we recommend R i d er ( l 9 7 4 b )  ;

those w i t h  some knowledge  of c o m b i n a t o r ia l  des ign  nosy also t r y

K i e f e r  (1978b) .

L’e a re  g r a t e f u l  to Fedorov f o r  : m k i n g  his h ib l i o g r o o p h v  of

Russ ian  and B u lg ar an des i gn ar t i c le s  a v a i l a b le  to u s .  S p ace

l i m i t a t i o n s  caused us t o  i n c l u d e  on ly  a s m a l l  f r a c t i o t i  if t h o s e

a r t i c l e s  which , f r o n ~ t h e i r  t i t l e s ,  oo p r e s i r e d  m o s t  r ele  v , m m ’i t  t o

th is  l i s t  i n g .  Fedorov ’s book is t he  f i r s t  amid so t ar , only



—
— —

t e m pt  t o  p a l  c ‘~ ‘ t h o’ she  r i c h  .; oS ~i o v c ’r ~’ 11 t , ’’ ’ , :  ~ i u  :

t~ ° on in se t ’  o t  b a s o c  r e L e r L : o s e .  ‘.3 lop’ s  S o : :  5 . 1 5

I, 5510 0 C t  0;: 101 or n o t  i on- ;  w I i  1 eo~.o~~oo oge  see c Om s e to y ou  t o  w r o

5 ’ :  S O C o O d  1’ h ‘ h o t e l ’  is so c l c i r ~ , ne~ t1 ed nec.

1 
__~

Th i s  ‘ s o ’ s g’ ’a ~‘r c d  i s ’  G r a n t  3/ ’ . A i ’ 31< 7 s o — 3 C ~o O .
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-
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j’.’ i ’I:un i i ’ c ”~’ m u  ° i A t ’t c ’i ; i ;ut  i .~;i t - i i  I . x p ~~r i m u i o ; m t  . m  ‘.‘ \ , m m u , ’ cm v l i  ,I :mo ;le -
tI ’m ’~m i ; i i , o l m .  N u t  u ’;o; o;t i i ’u’SS,i ~.t F c t o r i j - m  Fxpu or Iuc ;c ’ mit , i . Nu ’a t ’ i” ,s’ , ‘( ~

S i

U . K .  m m md “ m t  m u -v . 1’ . .1. ( I  ti ,’ .’~) . ‘t3;e s\’oiI l m , ’ o : i ; ; 0 1 l’t ’ u ’Im t i m o :,u l
t e a l  i o u : ;: i ~~ m u  I I or u ’m m c  ‘i ou ;;s oh ’ c i v ; u . u m ; o  i t ’ o 0 3 ’ ’c t s .  (Rtu ~~s o l n)

I ‘ t o  I~ ’o ’ ;~’ l u , m m m i k ; u  8 , 7 .3 — 7 7 .

Kem u g . o . S.  . m u m , i  I c u , ’l ml. u mt c • 1. N. (I ‘Nc~~) . O pt  I o: ; . i  I P c ’ ;’. lc ~;~ I c ’i ’

r i m e n t  . ‘ . ci ’ ::, ‘ . ; u ’ ,’ l ; .  (Ru: ; : ;  i m i l l  . A’.’ t em :;.; i h . . u  l I ’ ~’ i  c ’Oc ’ lO. i t t jk~u
3 1 . 1 7 1 - 1 ° - I .

K s I m i t ’ s_ i ~:~i r , , \ .  N .  1, 1 ‘ t ’ m S )  . A u lot 0 Ofl uu ic ’ u c i: m ; o l c ’ L u ,” 1~~l o k  cI~-S i g m l a .
A m o s .  N , u t l t .  O L m t u o o l .  7 . u i o / _ O l u ) .

K u r o t  s c i m i s t , \ ‘ . i l ’  ‘ 51 . O p t  i o ’ ; . u i  tIOS I po , ‘h ’ t- o u l u p  l e a  m ’\Io t’r 0 0 0 ; t ’i; t 0~ W i t  Ii
q m u l  i t , u l t v t ’ 1 m c t c ’t ’ a c o t  l t t h I t u ~ m m ~ t ’ . lP ’; ’ F o l u I o m .  ~~t , m i  j ; ; m  .

Kui ’ tm to s e lmkom • I’. • m i i c l  Im wve m , I ’ . S.  m, i~ i - u ’)  . ( 1 10 1 (mot h t I c ’ ; ig n o 1 to l m l ’ t ’O

a’, ov 1 u vu ’ mmt ;; m i  1 S u m m i t  j u m t t ’i ’ ; tu ’t i , m m o a .  (Uej’mii;tui .m m u d Fm ’ t’oo~’Im st un—
uoi - tr [t’;.~~. l’ . , i j l i . i l j ’ u ’ r m l i c ’ m i a l ’ ot a . e l i .  S h , i l  1 a m . ‘ _ 1 i l — I - i S .

Kuss umu m m t u I , K.  I ci 1m c t ~ . im I’ i ’t i ’~~t I , m m t ,mp ,t m o o t  o m ; ; a i u ’;; u m l o 0  t i m , ’ \,‘l ’ , ’;l :  dm ’—
gt ’ t ’ t ’ I I I  10,0 1 -~~i, ’0m m i , m  I ro ’ t’. t ’ m ’ ; o ; ; i o n .  t ’ c a t m n o m ; ’ u ’ t  V ie ; ; II  • (‘7 / — m ’ P 3 .

I , , I V u ’ c ’ c,’ It , 1’ . 1 . ( t ‘~~P ’ ‘1 .  ( ‘t ’ m m ’ ,’ i’ ,\ le ss , t I ’ p i  l u ’,1 to uI ,;; I c ’,;m i t o  t i ’ m 0 t ’ i’ S o ;  l O l l

j ’u i ’ u m I d l m - i b ; ; . 1~ 0. .  S t o u t  I s I  . R i- I , l!m S — ,1 ’/ O .

i. ,mvc ’t’ t’k , I’ . _ 1 . , i u t t l  Pu ’ I ~I cn  , ‘I . ( 1 1 / 8 1  . On .t ~~C u 0 0 t d O o m ‘i i O p e o l l  ‘d
l:ot ’ , u o ;mm l ’em i i i’nl , j t ’ :; ( p m ;  u~~( t i m  I r o u t  ; l m m ’ n t .  0mm1 , 1 i t  E v i l  \ ‘ . l e t ’0 . Ri ’pot ’t ’
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11 m m i v .  • E m ; ;  I I m u m : ;  I m i p  , N I
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l e ~-k i i  • K . . 
~~~ . ,u i u d I m I , d r m o\ ’ , m  

• 1. 8. (1974 I . U ;; I ‘p t I m , ’ ~~“-c  to m o m  o f
c c o u t t l n m b . c u u - - 0  I m c m~ c t  i ;o m , i  I p l u s ; ;  a ’Iieui Sot  t i n m O  im p u’’ . o t ’t i m i  , l f l m ’ .

“. I m i t )  ‘, c I I u j  u I O m c m  r m l ; ’  u m I i~~) ,m i u  m l  I VI) 3, 1 Ii
traits!.: li m j u ma t r i ou l I,,mbt , i’ o m tooi ~v 20 , ‘.m m ’) ~_ t i OS

Li_ nd 1 cv , P. 1’ . ( I ’ m  m i m ’ )  . Oil om ului ’;mstiu ’e cm l t I m e  m i t ’ ’ m ‘ u , m  1 1 , 0 1 1  p m ’ ;’’.’ 1, 1, 1
b y nil u_a-o p t— l o: ’ c ’ m u t  . ‘ \ ; u n .  M o u t h .  S t , m t , I s l ,  . 2 7 , 1 m i m ~~_ 1 005.

A.  N - I ’ m  / ‘ m l  . ( lIm , ’m o; l i m p  opt i m’o.ml p 1 ot ulS m r  t ’ x p i r ime n to om—
1 l O l l  (115101’ Pr i t  0 t ’ on ul it ’ 0 015 . ( R u m ; ; s i n n 1  . s,mm ’ s m c lool ,, om i . . i l m , m ‘.0 .—

I o ri j ,m 41  , PP - a  , - F um pl isl i  I, r a l m a  1 . : I m;mhi ~ m I .m I , .m l c , m r ,m l u I V

4 1 , 100—11 .~~~.

L iSenkov , A .  N . I I t O l (ml . ‘F lue  I i ro lo  I ei ;us of  im p to l uui , o 1 ci , ’; I pn i ng  and
aut oily siup c ’ l  m m m l  I f . ; u - t o L - .ia l  e x l o t ’ r i i i m e i i t s  i n  l i , ’ l m i ’ c ’ S u ’u c c  cif
Sm u t  ‘i l l  t o t  h c  I v ~l u tO I t  ‘~ I r m u t t  1 ri- I m j ~ i ( n o t  u m I s  i t  INN S
1 c c m  I m m ; ,  i i ,  m m I i you to u t m I m a t o  cii \ m u L V t l  ‘. Mt i i i ’, ~‘— h3 m c l  t o  t o m i t
l S S t ’ h t1 c ’c’ , i u m  i~~

, m ’ m . 110 i n ak , 14—IN .

Lot u s , I’ . A. 1 1 ’ ” i  . O p L i m m m o m l oil h i u , ’o ; t i o f l  i l l  s e q u ’ ’  i . m l  t e s t s  i’oi :o po lr—
ing t i m e  rnc ;mn , a  o f  two Gaus s inn  p o p u l a t i on s  . U i ’ ’ : ’ : ’ t r i l c a  ( m 2  , 3 5 9 —
I s’) .

I, uco u . s  , 3. ~I. (i’l l ! ,) . u ) p l ’ I l l l tmmi u  i- i o u um p c o;; i t t ’ iii ’S t 5t iS  . t i ’ u’imm m c m l m o t ’ t i ’ i  a ;;  16 ,
5 ( o l — S m m 7 .

I t u r ns , 3 .  N ( 1 c m  ° m~1 . i/ l u h im r u_ ’sI mo iost ;  a m i r f o m c , ’ ~~,. 0 ; ~m ; i s  b e s t
‘I c ’ c l m u m u u i i e t  t ’ i c a  I S , ‘ii [—4 17.

‘l ol l \ ‘ t i L ov  , N .  II . . u  m i m i “u ’mltm ru ’’5’ , V. V .  (I 1 7 1 1  . (iii ( 1 m m ’ d c a  I pu of o x—
per [mt - n t : i m u k  i ng i n t o  ;m c c o u m n t  I m m ; u d t ’q t mo i cv to f l i m o  ; m s s m m m o ; u _’d m ; ; , ) , I c .’ I
Tec i t  . Repti m’ 1 1. 8, Moser ’ s’ S t a te  U n i v e r s  m t v  , Mo : ; .  am a ’ -

Not i vu  it o’.’, ‘.1. II . sm ut  I” , ~I u r ” v , I’ . I’ . (1971 ) . Ott wt ’ I ph t od pol y m m i .’ mom i , m i
Ct ’ t ’ t ’SS i , ’ u m  di ’s I pn .~ v i t O  u u i i u i i m uu u ; om av i” r o m g t ’ v , m r i o u n t - i’ . ‘h ’ l oc i . m m ’v
Pi ’ : ’ im u l o i l i t v  c’u c p l.. IS , 7 tb— 72u) .

M, .u l v m , m t c v , N .  P .  mmcl Vc- c l t o r o v , V .  I’ - (1972) . O p t  ( m out h c l t ’~ j gti S iii

rom ~ r u ”,; a I on io m ’ i m l o  I coos . (D ~~u t sc i i ’)  . P i t h . ~fl oe r . t  I i ;on sf 5 ’ri’li .
S t , u t i a t .  ‘ 1 . 2 5 1 — 3 0 8 .

M u  rc u m s , N . . ,tt id Sic -k s  , 3. ( 1 9 1’  7) . RuuI , w ;  to mIc a i i ’,~~ ’. I ; ’  r r e e l ’ . : ; : ;  i , ’ u m
I 0 1 c ’ h l , C u mts . P t  u t’  i m ; l  ( c a l  I’m c ’ c i s i o n  ‘ Y I i u ’m o r v  ;u u m i l  Rt , ’ I o u t  t i  l i m p  m c ; ; , i i
(S . S . U m u p  t o m  an t i  I). S.  Moo m ’e , lIds . ‘) . Ac om d c i i i , ’ I ’ u ’eaa , N . 1’
2 4 5 — d i m S .

~1 , u s m u v , o m m m , m  , M . ( I’ ) a On the  opt i n m o u l  I t v  co I bn ,t  a r t - o u t  i nt’onup le t . c
b l o c k  ,l~’a i m I l m a  . K ’ ~’u . St . ! t  ( a t . . ~,gji_ l • ‘ o , 4 — 8 .
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l t . m ; ; u m  v . m m m m . m  • I I .  I ‘‘ 5 )  . l ’ c~ [I  d c I ( o u t  ( c m  “Oi m t I i , ’ m u j ’ m  I ic ~. m  I m I v ‘l I ’ , m I u m u m  u - cl

I m l c m l l m m ~ ’ I c _ u  , ‘ I ’ c c l ,  ‘ I , ’ ; ’ .  i p i m ; ; ’’ . 0 j o . :~ t o i l  m o o t  . A [’jm I . I ’ m ; . .  11 01 I ,
1 / —  35.

I t , u s u v ; u u i , u , II .  : m i m c l  I l k m i m u m o , ‘I ’ . ( 1  d t’ ,/) . On ( l i t ’ c 0 d (  ( u ’ m , m 1 i t  v u m l  l i t  l u m

Y ou ili ’ui— u u m , i  P l u m  m lm I m u  m m d  I c  - o ; m h i u o m  i m ‘ It ’ ; ;  i t O m ;  . K , ’1’ . : I u i  m o o t .  
~ 

‘p h

II c -~~. .I1 I P1’ , S . I l —  I c .

It II m imi ’ I I , 1’ . _ I . I’’ ,’ I) . (‘.tmi u t l o ti t ‘ ‘ I ’  c ’ u t m i u : ;  I i ’ mu , ’ I ( dim  ,m I ‘ m m m i I I ‘‘ l m _ ~u 1 t i m u m _ u

I u l m o t ul u p I u i  c ’ l m t m , ’ I, ml, ’;: (t ~u m . ’; . 1 t ’ m d u . i m m I  ~m Sc ’ ; ; ; ;  ( m m m i  c u t  I i ’  I u m t  
- —

P u I  1 : 0 _ I . l o u - -I . 2 . I on—

I’l l I i l m u ’ I I , ‘I’ . . 1 . ‘i ,’ , ’ , I . At m o i l  ~ m m to I t lumum 1 ,0 1’ m c  c m i  i t  i m u t t Ic ‘ um c c l  m ’ I i

t0 p t , l im i t I ”  ‘ ‘ p m  i l I u m - m i t  . m  I di -;; i g u r o . ‘ l u ’ , - I m m u , ’ m m u c ’ I  u I c :;  I m ~ , ‘ (1  1- .‘ 1 (1 .

l t I l t ’ Im m ’ l  I , ‘I ’ . _ I.  ( I i ),’ ,’, 1 . i c d m m m l m u i t , ’ m  , ‘ c u t l ; ; i  F is t. j m m m m  c c l  I i —  ‘ ‘ I ’~ I m u mo t i I ( m o o t  —

c u m u l i — u ’  m u ’;; I~ ’, m m o ; . c ’ c ’ I mm u , m u u o c ’l i i i ~;; I to , d l

It i t  m ’I tt I I , ‘I ’ . .1 — I ’ m  ~~
‘ u ’ )  . A 1o 1 o I  ( t ’ , t  I , ‘ u m ; ;  o h  O t i  c l p c ’ m ’  I t  Immum I t u ’ t I tt ’ t ’ , ’n—

I i i i — t I o ut  c t  ~ c m 1 , t  I i n  I ’ ’  i — x p u ’ to I u u s ’ iu  I .m I do;; I ( ‘ i l - I t o N ri u i m 0 .

‘I’ m - i - t i .  R i~ I m d o i ’ I  , 51 m l  i m u l  it -s I)oIo t ., lis t I t .  l i l t ’ . - t t , u I\ 0. m dp c ’ N ,m t I c u l l it I
1..  m I m i ’  m u l c t  i ’’u’ , ( I i  k 14 I t 1  pm ,’ , ‘ I N .  —

M [ I . m , - t u ~’1 I ,  ‘I’ . 1 . . m m t m l  P , m v i m u ’ , U .  K .  t I ’ t m / / ) .  I )  ‘ p c I  I u m m , m I  i ‘ mi t ( 0 m m ; ;  c m l

I l u t ’ u ’ c ’ —  I ’ ’t’ u ’ I I m c I  d m 1 ’ i i  I d m o ; I g i l o ; . ‘ u - u - l i .  h 0 . , ’ 1 u m m m  I I S i ’  I ‘i , O o u k
R i d 1 ’, , ’ N u t  j u u m u . m I  I . m I ~~’ m ’ . i t c ’ m ’ ,’ , 1 m , i k  Ii_ 1 m 1 1 ’, c ’ , I N .

i ’ I , m , m c l  • ,\ . I t .  ( I ’ ’ I  m l  . 1 mm hIt ’ I , ’ I I 1 1 0 ’ :’. u~m ; I ph I im p I m m u  ‘ I ’  I i —mum . ,‘u u u  mm . l i _ m t  Ii.

m l  l o t  . I 1. ‘c ‘ - u  ‘c m ’ .

M u o r  I gmmI I , P .  ( I ’ ~ m a ’ )  . ( 1 101 I ium. m I I t  v c u t  ‘0 I ’ I  l mm ’ ) ’,m ’ m l ; u  I t I m ’ ’ ;  I p u ; . hiu ’j c
I - i i  i S I  . A (dp I . 10. m ’ : ; . , l l S ’ I ’  I , ,

— ,~~
. ‘ I t ’,

1 1 m m  u’ l o ; , N — I I . , m  i t  l I l t  ‘‘1 m m ’ I I  , ‘I ’ . ~l . ( 1 0 7 , 1 . I t ’; ; I rn a I u a I l u ’  d ot  , ‘ c ’

( t o i t  c o t  i i i  m , I ‘“Ia ’ u~’ v m o I - s l u m  to I t  I m i m m m i l u  - I ; ; . ‘I m ,’t ’ Ii. I0 ~ ‘ p c u  m I (151) ‘II - ill .
L).u Im , 14 i d l gc ’ N _ u t  i d m m m , I I , , m l m m u  i _ m t  c ’I ’ \’ , 1° _ m I5 111 cI gu ’ , I ’S —

Itoh ’, V.  I , .  ~ I ‘ 1 ’ S ) .  t t tu  , m u m u l i t  I m o m _ i x  1 o i ’ d d 1 m , ’ l l  c o h  , m  1 m m  I , m m o t ’ t ’ uI i m u c ’ c u m m u l m l , m t  u ’
h I  u s ’ U cbS ;  I p i t .  u \ ; t m m  . P. m I hi. 5 m l  : 1  . 2 ’’ , ~‘ I O — ~i I 1 .

h u r t  ‘.‘. \~. N .  m m i i U I  m m , l u  — i t . 3/ . _ I .  ( I  1 / 0 ’ ) .  ( l I l t  i m m ~_ t  I i I i ’ s  m u m ; ;  I _ u t  c ’ : ; ’

I I m m m , u l  l u m p  I I i ’ ’ ; ; t , m 1 c c ’ o h  _ t  p s I  y i u c m i u m i _ u I  I ’ u ’ l O m ’ c ’ ; ; o ’— m i m i
U t  i t  t o o l Ass o ,’ . ( 0 / , t l r t t I .~t i7  I

m o m , 10.. I I .  . m l  I u m u ’u , 3/. II. I, t u 1 l  I )  . li u :m l m c m i m  i~ ’ - m u m  I i u ’ ( tS ’ h u m  I —

h i m ’  lu u m I ‘ ‘ ‘ o p  , ‘n m u ’  m ; v  ‘.1 t ou r ;  . To m ’ I m m m ,  m u m , ’ I m m , ‘ ;; 1 ‘
‘ , l u l l  — I I /

N., 1 I m ’ m , ’ i  • ~.‘ . I’ . , I . 1 .  1 t i m d l )  
• N i ’mq I t I m ’ - I ; ;  1 m m  I ’ ’ d c i  I tumu ’ m m  I - u I l ) m ;~ I I ’ m :

i\ ( l i t  I I ‘ ‘ u  It ’ ll u ’ I c\ I I  I c  I~ - ; ;  . h i t ’ ; , ,  c’is ’ : N . m cm l , ,
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N o m I _ i i m s o v , V. V o m i t  U I  ik o v m , ‘1’ . 1 .  ( 1 9 7 1 ’ ) .  I.d 5 ’, i c ’~ l I  I ’ ’ t u u ’m u l : u t  j c , u m u ;  ‘m l
i!xp erlmi u i uu t  ,m I t I e ; ;  1 10 1 1;: . Ne t cui 29 , 3 — ’ , I I .

Nai .jmllo v , V . V., U ,’ I i  kc u v ,i , ‘I’ . I. ~i d  N [ki~:; li i mt :m , II. U . ( I  9 7 0 ) .  ( l i i

pt ,’o t e t  ( c m l  m u ’ .c ’ ~ f t I lt ;  t ’ u o m u ’ .’ep t ,~ l I ) — o I o I  m o m u l  i t ’ . ’. l c ’c ’h m u t m i m m c ’ t r i , ’ ;,
1, / 9 9 — N t

Na nd I , I I .  K.  ( I  c m ‘ 0 1  . Uu t hurt u_ - f l ’ i c  i c, ’ i l d ,’y  umt ~~~ot ’ 1’ ( m ’ um ’ mu I . i  1 ‘.1’.’;; i g u t s .
i 7 i l c u m t l , i  P t , i t  (:;I . A ; ; ; ; c u , ’ . t O u l l , . I , I I . 7 1 7 h .

Ni ’ l ’ . I i ’  i ’ , 3. ,(,~ ommm , I l lc ’ , u , I  , 10. .  (1. 0~m . ’, ) . i\ S i  110) I i ’’, iom , ’I bm c ’,I l i i i ’ liftS’ t 1_ Oi l

i mm m mt t m i u ,  m l  m m ’ s I u I d;; m l ui ml m l~c mm u u i m  I / 30 5— I i  1

N I g;.,m m u - A. K. I I ’  I l l )  - I l l  tm ck dr t s  I I’ m ; ;  h i d  r mum ( x i  sr i-  i ’S I” r (m im ont ,s . / r m a

l’l _ t t i u .  : ; m _ m h i ; t . ‘ml , I P 6 i — 1 8 o 9 .

N ~~~ t i n , A. K. (t I m ,’ I) . Nt m I to I l’s i~to t ’ mum iXtU I’e m, ’ .’-p ’ m , ’ I ’ I I l I t ’ i t  I ;; .  3 . 1: .

P t , t t  I at . S u m , - . 10 I ’ c , 5 1 — 5 6 .

lm ,m ~ n i ;mm o , i\. ( I ’ m  ‘ ~ ) . ‘ t h e m m ril e t ’ Itoh ’, of u _ x i i e r  i iu i i” n t o m  I ‘ l e o ;  ( g u s  om

II i l h o e r t  5 1 5m m ’ ’- ’ o i l m p i ’o t i o i ’ t m . ,~,)~~0 m , mi _u ,~~ij ~j !. ( h ’ l’ . t p u i c ’) ~m l , 1 7 , 1— 1,58 .

I° o iz ui u ; u ru , A.  ( I  ‘I ,” I . A m - ioti v t ’r g i - io c ’ c ’ t l u ’ .’c ’i ’t ’l ; m in  l o t t e  t t u i ’ c l m ’y of  1)—

t u p t  [n u t m ui m ua - ,l ’c ’ m’  iu mm m.-u’u t ;u I itt _ —s [g u m s .  A n n .  M oI t hu . Sl i t  l o o t  . 2 , 2 h . (u
215 .

I ’ oi sl um s , ;\ . ( ( ‘ I / i l )  . 1 td ’ ; u m p t i  1-It l u _ mut t o t  I I m m ~‘pt I ul u m um mi l u ’;; I ‘ o i l ; ; u nd o  r
; ; ( i m g t m t . m m ’ I l t l c u m m . o , c t  ( c o n  u mi ; i t ’ l’ j co;; . Ai m s .  U t , u t , ( a L .  1’ , !c 5 5 -/ c 5 7 .

I’ i’, u I’ ; 0 , 5. p .  ( I ‘Ii 0.1 ) . VI m ’ - u m mu _’;i um ,- l I’ i t - m c - m m ’ .  ‘.‘ i t !
’ i- m p m t — ‘ i ’ ‘1 i t ’ , i t  t~

m l c ’ ;0 i g t t s .  I , i ’ ’ m m t ’ ( r i k n  c m , , ~~~~~~~ I .

I’ i-~i r c c - , S. t . I ’ m / I t )  . ‘I ’ I mu ’ i’ll ’ I c ’ m u ’S , ’ V c m i  lo I mo , k  I t ’ ; ;  m ‘ m l ; ;  i i i  l0 u ’1l~’ r oi l
I O t , m m m u ’ h m I I , , i  i ’

, I I ’ ) —  I c i ’ , 15 m m m c c l  ( t o u t : O i , u ; , ’ I  l ’ I k , m  ( 1 9 7 2 )  59 ,

I’earu ’ t ’ , S. ( ‘ . ( I t / u ’ ’ ) .  U, m , l c ’ i m l m t - m i c e u m m u c l  m o l t i u s  1 — r i - l u l  ( i - i t  m m m i :  An

;u I t  0 rll; u I t’ u ’ - m ~ m~
, 

i ’ m _ i c ’ h ( m m  I’ l’ i ’ , ’ m o O  105 i t i  mIt’ ;; i g i t c ’ t l d ’> O I ’ u ’ I’ i u u eul t
I l i c ’ m i i . , ‘ u~ l I - ;c ’ I m ,  I I I  5 , I I m P — —  I l i ’ .

I’ e~ t ’ ( c l i  I i u ; ; k ’ _ ’ , I , .  I , .  ( t o)7 > 1  . I ) — to I o t  ( l m tm u u m l  , u u m c l  m~m m , m s  ( — I l  c ’t ~ 1 i im m u ,tm mt st ’ c u t u i t l —
c u r t l c ’ m ’  it , ’:: m o m : ;  c o l t  .1 m ’ t u h ’ m . Ii i t m u i m ’ . ’ I  r l k o m  (od , . 1 1 u —  I . ’,~ l .

I’ l o u ’ ’ I’ c ’ t  , 11. I . -u m S R um m ’ mm m m u u , ,I . I’ , ( 1 c m , ’, I i )  . 
‘ 

‘ l ’ I i u ’ c l i .’; ;  ( p I t  (0 I cu l O t jlm ltliit

n o m u t t I l .u c l c m r i , m I  i ’xpo u ’ m m m m ou m ls. ,m,~i /~m~u1’~ t - I k . m  I i , I ; ) ” o— d m .

L’om ,Ikcm ry t c oo v , /m. N . ( I m I / u l  . ‘flui ’ I t U d d I d L ’ u ’ t_ l u ’ ;;  tot ’ I l— opt  i mm o ;m l mI t - s (1500
(mu I In — t o _ u mc , m i t  ,~ m u  t i m _ u I  1, ’ i ’ u ’ t ’ , i ’ i ’ 0 1 0 0  ( ‘lu. ( I ’P u~o I  l a l t  . ‘ u u i m ; m m u _ i l ’ v )
Vo o ;UuLl< l. ’ ’ , m , m s o m , ; , I .  1 m m  i v _  ‘t o t .  lim I t .  ; \ ; ; i m ’ c ’ m i c ’ i u u . \ ‘ m~~’ . 2 , [ 6 1 — ’  u’ S .
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( P u I o u I ;  
• 11. (I d u / l  ) . ‘‘ ‘1 ’ mml ii I i u t ’ uo t t l O t  h i m ’ ) ;: I n  m m j m  P oo l . ; t  m c m i :  A h ’ i i i ’ —

( c a l  c\p ;croi c ’h. N u ’w Y o r k :  A c a i l e m  I c ’ I’m’ ’:;:;

I’o I,uk • 14. , 0-Sm i ’ ;’,; l i t  , K. II. mmd S i lo; i~~t (015 , 1). 1 . ( I  ‘ ‘ 7 ’ , ’ )  . On the
t’ c m i m \ ’ s ’ 15 0 t ’I I t ’0 c I ;; t ’ u l m mi ’nt_ i oil flu in im mu l .c ;; m l i o n  011 pc ’u ’ i t  tm m mi o ’ m . J .  m ° j l
Hu ’_ ’o l ’ ’ ,’ an t I  ‘~~‘iL, 1 - 1

~
’ , , -‘c I ‘1— c 1c -~

j ’ , o l ’ , a u k , I ; .  ‘I ’ . ( ‘I S ’) .  ,\ gei ic r ;m I. il mc ’ t . I m t ) t l  ‘. ‘I s m ” I v i i m p ,  c o - _ I r e imm ul pm - i ’ S —
l — , u m s . 5 - 0 c m  ‘ ‘I lt . mt l tu ’;; m , it ’ I i ~~ I ) ok .t o u d y  0.1 , u ’I ~— P’ t

j”u, w u ,— I I , II. _ 1 . Ii . (I’)(m . ’,) . ~\ im c I t  i t O  I t’ii I limi t h t m l c o l I I u I  I m i g  t b ’  i muim o i—
1 0 1 5 1 1  t o IT om I ‘ m i l d ’ I I m m i i  i m f  si’o _ ’ i ’  i ’ 0u  .1 ta m m ’ b i b  I i’o’m I.,’ I t I m u u m u  I c ’ o I c i m 1 ~ut  i m op
‘.leriv u t  l v , ’ :; . ‘ i i u u ’ I ’. ’ .m n i j o m m t t ’ r  ~I , o u m ’n m ~ 7 ,  I l o S - I l’ , ! .

P u r l  , I’ . I). , ummt h N I g , m m l l  • A . K. (.1077) . I’;tt’ t lot I lv ‘ ‘II ’ I ’  I t ’w.’v hoot I ;ttlc ctl

d&’s I i0 Ii ~ . (, c ;miliuisl . U L,i I i;;t . AS • 7 5 3 — 7 / 1

R0m~~Im0 uv o u ro m mo , 1) . I I i i ’ u d m )  . 
- 

‘4 i o im i u ’ 01)1 i iumm ,itim i t ’ I p It im m ~’, It’s 1 1 0 1 ) 5 .  AI l s .  ftu t l’c .
SL~ut im; t . I I ) , :‘‘m ’ ,.— 3~’~ I .

Ic’
R ag lmom u 0t r ; u u o , I ) .  t I ’ )  / h ) . ( I c m I O : ; I  m ’ nc ’ t  ( ‘ c m i : ;  _ u u u i l  C t ’ m m m l u I i m; m I ‘i ’ i i  I I’ i’ u_ ’ l c I c m ;:; ’,

in l ies i g m u c c l  ‘x i ’ ’ u’ i ; mR ’ Ii ( ;; . N ew ‘m i m i — k :  l~’i h i ’ ’ , ’ .

Row , (0 . R . (I ‘tm m lo ‘) . I I m m  C Ito most CI l i e  i t ’s  I c i t ’s i I’,~~
; ( i t  we j ( ‘ I l l  ‘ 0 0

/ , ‘, 0,

h 0 . u k l  coo , II . 1,. , u u o i l  l” c ’ u l o m ’ c ’ u ’, K’. ‘I ’ . ( ( ‘ i / o ’) . ( ‘ I i i  i t t ’ I u i ’ I ‘ m l  1 ,0 mm t ol ’

i m p t I,timo il ;;_ mt mm m ’ , m h  ,‘,I m s u itt t ’ I ’ f * , ’~~l 101m m ;; c m l  ( l i e c i t  I n c t o u ’ i o t l
A l u n .  N.m I Ii. o ; I i i  I ;; t . 4 I , 20 1-- U i , .

RobS i l l ; ; , II. ( 0 , , m )  U cm;m mu ,m a l’ u ’~ ’ 1’; c m l ’ I I to ‘ ., ‘ c l u u c ’ l m  I .m ~I c ’ ;  j pu c~ l
t ’ X j t c _ i- ‘(,mmmt _ ’tt I ;; . l a m  I I,. A ; m ; c  ‘ I ’ . P .1 I ;. I ,c u ,’ . ‘ 4 , ~, , / “ ‘ m l ’o

Roy,  ~l .  ( 19 5 5)  . ( l i i  ( I i  m l  I I , ’ Ic ,’nu ’v I . m , ’ t i o c o h  ‘ l ’ m , ’ l i  Si ’S u p m m ; ; .
S;ujj~~yn I ’ ) . I ’ l l — I S P .

Ru iss i ’ 1 , 7.  U . ( 1 c m 1 5)  . Port Ii ’ ’ r i’e;;u Ii a tou t Lit , ’ d ’ c ’m ;n et ’ I i ’ c h l l u ’ ; ; ; -  
- 
;mn cl

(m I t t  io ’ m , t l i t  V t o t  cI a; i p m l ; ;  ‘I I ‘ . 1 ° c  O : ,\ l O . ‘ l o c h .  t 4 -pu m i ’ I  . I ) ej m t  . t o t

-I I m t I ;;I . I ’ :; , Pm i i t ’ . o t ’ N ew b . K m  I i ’ ; ; , Rim s ( g m m t m o m t  . c \ m m ; ; I  r u t  io u .

3 R u s t . m g  I , 0 . _ 1 . , t u l .  ( I  < i m ’ I )  . ( i ~~( ~iu u m .o i m u ~’, P t . l i t ’S ; ;  u u I t  uI 1.— mt u ; ; .
5 m w  \ , ‘ i ’k : ci , t m l t ’ u t m  m c

Sa r I , ; , 1 . , o i , u l  1’ 1 j~ ; I c ’ i  , 0 . ( I 9 t m m u ) . l o t ’;; p u l l ;  l o u ’ u ’ ,’, m u - ;; : ; j , o i t  w i t  Ii
‘ ‘ d I r , ’ 1 , l ~ ‘ c i m i  ‘

t ’i 5 . Am um . M o u t h . i b t , t t  I ;;t . 1; , ( u t o — 3 ’ ) .

S a m .; U u i m , I  ‘I I ‘..‘ I ‘ :1 ,  i ’ m  , I ) . ( I  ‘158) . Di ’s I l’— I 1 0 0  I u ’ i’ i t ’)’, I’ , ’ or ;  ( t o l l  p i ’ olo—
I t ’i u i o m  w i t  I t m ’ , m m I , ’ l i t  t m 1  i ’ m ’ m ’ i ol ’ i-o ; m m u o u u t v  p~mrau tu t _ ’ t e u : ;  . ,‘ \ m m u m  . ll.~ I Ii.
Si  i t  l o o t  . 

- 
3 m , ! ‘1’— ~~’)
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ib , m c l s ; m , .1 . . m m u , I  \ I t ’  m~~kc ’u , I t . ( I  c u 5 1 ’) . I i ’ ;; i g u m o ;  I , ’ ; i ’  ‘, m m o ; ’  1 c ’ mt ‘ i  c S ’ ’
I t ’ m u m o m  w I t  Ii  c ’ , ’m i u ’ ( ;u t tal  t ’ I ’F , ’ I ’ ;; . I l l .  .‘\~u ; u . 1 0 _ i t  I i .  P t  ~~I m :5 •

.‘U ’ o i — . U  / ‘c .

S t  • 1 t o l l s • K , t O . . u um cl 1 0 ,~ d i ’ i . — N. 11. i~ h i  ‘‘ 0 )  . t m c o l d I t I c ; .  m I I t  t’ I , ’ m ’ i’ , ’ -

p u t ’ ; ; ; ’. (c m i c l , ’ ;  1 , _ mm , ;: . u u m m ,’ ( i n ’ . l ’ c ’c ’lu m m ’ ’ mm ;m ’I m u c ;, I; ’ 
— l u  -

, I .

SI . .h.’ l m i ;  , 11 . m . . .  n m c h  u i 1(Om ’t ’ 5 . 14 . ( I t / i )  . 0,’ ;; I pm t ; I n  I i V t ’

:0 I \  c ’ m o m t i h m c m i m c ’ : m t  , I , m u  iii (xl i l l S — ; ;  m o; c ’cht I w i t  Im i u t t ’ t — m  ; ‘ ‘ I u ’ m I i i ; ; . ‘c u - l i .
m l  I ,‘ 1 1 • lii I I t .  Ki ’ ; o c ’ , m u ’ u ’ I i  m.S ’n I o~ • ( I n  I t ’  • u I  K , : ; , ’ , na  i s ,

~I , t , I  j ;;, u m i  , Ic ’ I

S t  l , u~ ’t ’ : k  I i • i i . ‘, ‘ 
. ( 1 c m 1 , ’ , ) .  ‘1 1mm ’ p i  ‘‘ i m l o u t  u ’ h  I t m ,  u l i~~t u I b u t  i , ’ m u  m l

u ’h ’ ; ; ‘  i — v a  I I c ’ t m; ; 1 m m Im c m I \‘ im , m i i m I _ i  I u c o t , ’ :0 ; ;  1 t u t u .  ( R u t : ; ;; m . m  m m )  . I m m m c l v

0.I. m I . Iim m ;t . t m ’ i - h ’ v  / cm I i _ m t  , ‘‘ . I ’ mm ’ ’, l i ;. I u I m , m ; u : ; I  . (I’m ul )
l ’ i , m c ’ _ I l , I ~ I , ’t’ Ii i ~~l . ~t , i h  I t .  ~‘ ‘l , t ’ ’c , ° — I m m m ’ .

S I m , i t m ,  1-0. . K . ( 1  ‘ m m m l ) . 5 1c( i m ’u , m I I I  ‘~ c i  i t  i ’ t ’ m , m  I ‘ i  i m m ~’ , ’: I ‘I u ’
i Ic ; ; 1 1 ’. m i : m . : \ m t i u .  5 m m  i t .  U t  mt m ; ;t . , I .  1’ i u l - ~ i ’ m . , .

U l n u I m , K .  K . R, t 1 ’ I t , t t ’ . t i  mu m , Ii . , u m m , I  K I m , u t  i i .  C. U . ~ l ’ ’
i, m ’’ m . m 0 p t  i u oo ~m I i t  v

t o t  I i . ~ m ou s t 1 1 m m  ‘,‘ _ m c ’t  c u t ’ i u t S i _ m u ; ; . . \ m m m u  . I I I  m t  I ‘ m l  . ‘ c  • 
_ ‘, I d t  u , ’ .,’ —

I t ’  : ; c ’ i m  , 11. ( I ’ ” / _ ’ ‘I . Co mm I i I ‘ mu I i c d i ;  t , m  c l i : ; , ’ m l ’ ; ; ;  I _ cs u I  ‘‘ N , ‘ : ;u m I t  ;; i U
Ii , ’,’ i v , m i u c l  c c  ‘ m m ; ;  t ‘ i i , - I I t ’s , ‘I  I )  , u I o I  I u : , u ; mmm ‘ ‘ x ‘u ’ i i l i u m  m I ~l , ’ m m I 151 2’

I m v  I I .  I’ . I1vitim . .1 . K. U t ml m ; l  . Scm , ’ . I l l - u  , IN I IS

S ( l u s u o u t . K .  ( I ’ ’  c’ ’ c ~ . I O
\

. ’ c o I o I i i i m . m I  I t ’ . ’  ,t u i , I , Imu,i I I t  v . t ’ i ’ c ’’’, u , ‘ ;,;; ( m m
U t  _ m I l o t  i .e . iS ’  I I 

~~~ 
N .m t i m .  P m~ . .1 _ m u , ’; Ii , ’ I v . u  I ‘I • m ’ /  ~

‘ — i ’ ’~~_ ’ .

S I h~~cm n • 1 1 .  - m u m , l  I , ‘ m m m l v  • ;\ — I ’ )  / a • Cu m, ’ I I i ,  ( ‘ I I I  :0 I mm I i  ‘ l o t  m om , .  m l
I i m ; m , ’ u m  I . m I ,I c ‘ - . ups . _ I . 11. ‘ i  _ u t l o o m  . U,’,’ . 1 0 1 , ’ , ‘ 0 0 0.1 .‘

0. f c t i l , , 0.1 . ‘I .  ( I ’ m ’ ’ ) .  ,\ t~~~ i ’ t  m m ii I I ’  I m i ’ u m 0 i _ i m m m l c ’ u  mm : - , ’ 1 m m  u o ~ c t  ; i m i i o o ( u u ’ o

m i  I mc ’ c o I t t - I  I , u - l c ’ m ’ u . u  I u ’’, l c c ’ m  i m mm m ’ i t t  ;, c~ Im ,’ u - m m p u t t  i t t  I m F i u m u ’
m i t  c c u ’ tim. m l  j , m u m .  N A S A  1 , 1 1 1 1  l u a u  I N m m I  c I ) m c ’ ‘ i ’ m , 1 , -n ’ I : ;  I1, ’ ;;c, u u  - l u

u S ’ m i t  - u  • P 1 c c ’ ’ I , i u t m l  , (‘II.

51<111 ’ . ~~~ . N . l u ,’) . K m i l  l I o ,’mc ’ k — I , c ’ I h ” t u ’ u  i u i l c ’ u u u m _ u t  I , m m u  I u u u o , - t  m m i i  . u m t l
I l t m ’ ;; m ’ c l t u t m o t  m m l  m t — I  c m _ I  i t o m m t o t  c ’\ I’ u ’ l ’  u m mmc m m l  ; ;  1 , ’  1 1 0 , 1 u mm ;  1 1 0 , 1 1 ’ ’ _ m m ’ ; c m u ’ ,
o ; , ’ m, ’ m ’ m ’ _ m I  I m u _ m i  u ; u c u , t c ’ I s .  NAS ,\ ‘(‘ cc l i i ,  I c _ I l  N c m u u , m t ’ , m , i , ! i m m m  \ t o l l 01 5 ,

I ; ;  I’0.c ’ ; ; c ’ , u c - l u  i ’ , m m t  c i  • U I  u -vol ,t uiil  , ( i l l .

~ l u l l l~ . . It .  .u i m ’ I hI ~o I mu; . . . ‘\ . 1 . I — u , I )  . ( 1 ) 0 1  I t~u . m  I I t ’ ’ ;  u ‘ ‘ m m  t o m  c ’ , ’ c ’ c h t i i
I m m i ’  m m d 1 m m - I  I i  m l  i , ’ m m , c l  I , i u ’ l u c m ’ i , m l  i - os l m i ’ m l i m it - m i t  ; m ¶~ I ’,’m ’il I ’m l i ’I

— 
m m m l  t o t l i m i t  ( m ’ m u , u l m c ’ t i t ,  I’ m i , i I l i u ’ t  u ’ i ’ ;; .  N .\ U. \  ‘ h ’ m ’c ’ I u i m  m~’ .u I N~m t m ’ 1° mm ’ ’.’ ’ .

I t o ’ 1  R , ’ ; o c - . m t  i ’S ( O m i t  i i , ( ‘ j o t - c  I _ mum ~I , t i l l .



S t  Lv ,’’.’ • 0.; . I ’  - I I t t ? , m , . ‘‘c m m l m ’ I Iou i t I , m m m  ( t o  c l i  ; ; c ’ m c : ; : O  I u mu m mI ‘‘i0., ’~~m i I t o ;  i Il

[ I i ,- I l i e u ’  i V . m c omb < - ‘ m i ; ;  t i ic I l i m i t  o h  l i — m u p t  ( u m im u l mm ex t o t ’  u ’ c o m m it a]  dos 1 0 0 1 0 0 ; ’’
I u y  I I .  I’ . K v u u i o .  _ I .  10. 0.~ t. _ o m ,l~~./ m ,l .  St u t - . 1 0 . 1 , , 10 ,5 , — I / o .

S i  lv~’v , S.  10 . ( 1 m m ,’’,). 5,m m mie .lS ItidcI , S ~~f th e  I l u c ’ c ’ u ’ v c c l  c o p ( i uuu’m I .1 t i l u ’ u L ’

t ’ t’ i O t ’ t ’U; I ‘‘ m ’  ‘‘ ‘;; (5mm m,’ I i I t  ,u i’m’i i- ro t  I (‘t oi ’ui a tv c  i’ m ’ I I  i’m ’ i on  I t u n e  I i-on
‘ h u ’ c ’ I t .  Rm I o m ’u ’I  .~~~‘ , I° m p t .  u I  Sl u t  i~~1 lu ’;; , I’ m ’ jm ii ’,’t , ‘ o m  t l m ’m i v , ’i’ ;; i t  ‘.‘~
I’ m’ I R u ’ 1  dol l , 

l . 1 .

Silv u ’’.’, S. I t . m m c l I ’ ll I o u ’ i u m p l m m i i , I). 0.’I. (1971). A l’, t - c m u l l o t  i ’ L ’ ?  O i l ’ d I l I ’ O o t u ’ t i
t u d  u m ( i I i m o o . m I i b u . ’l; i g it  t h e o r y .  Il i u o mm mi ; i .u ’ ik a  60, 2 1 —  I , ’ .

Si l v i ’v , S. I) — .111 , 1 ‘I ’ ( ( I t t ’  1 1 1 ) 0 1  ~‘lt , I) . t I .  ( 1 ’ S / c c )  . ,\ t u g  m- ;u i i gi mu ll ;u p l i t ’ io , u u ’ S
t o  u u p t i - i n m m t i c ’; ; i I’,n . l l i o u n e t r i k ~u l o b , 2 ’ ) ’ I— 3 02 .

S.i t v o v , S. 1) . , I ’ l l  N ’u ’ ( i i p, I m i i , I ) .  I I .  mtn m l ‘I’ i ’m i’ ~~n i iy ,  I I .  ( 1 0 7 8 ) .  An
a I~ Ot ’ r i t  l imit I , ’ u. i o p  I i mmmou I ili’t; ( g u m s  ~‘ui a 1 1 1 ) 1 1 . 0 iii’S 1 1 0 m m  ~O I ’ 0 i t S ’  . (‘,‘m ;u ; mu ; m ; i

~lt , i t ( a I  .

Smi m I i  Ii • K. ( 1 9 1 5)  • t ie  t I m ; ’ ;;l ,m um , I ; mt ’d di’’.’ b i t  I s u m ; ;  o h  i ’ i  m u s t  i-il an t I  I u i —
t_ i’i’ I t tO i - m t  m. ’cI  m,’ :u  I cu t ’ S  of  an m l o ~~om’vi ’d  p o t  y su m m m m 0 , 11 11111 , ’ L i  ioU and Lt
i’ com) ;OI o u t t I  a , i l i c l  I Ii i ’ pu I c I ; ; , m c c _’ t Iii ’’.’ to 1’.’i ’ I ~‘n’ ,m ts l;; ,‘ m l u m ’c ’ i0t ’t ’ u - l a m  i t ’ ,, ’

ol  I hi ,l i 1 m i I ‘ii I I ‘‘11 ol oP m ml m i)ui~— 11 t u m u l t  I i  m Ic m 1 ,

SoR t ’  ( t O y , U .  N .  ( I ’ l t m  1’) . u 5 m m m  I (ulutos; ; p 1 mi mi i tu g to I ’ rt ’m ’, m ’ t ’o;;; It ’ll cX I ’ c .’ (~I —

um u’ u ol :; . ‘ l l m , ’ c ’m’v ~~m_l2J_ I I I ~~ A jc j o I. 0.4, )3t) ~~ ) I m .

Sut o km ,t l , ’v,  S. N .  ( I  ‘‘ mu 3). Pt m mml i u i u i m . o u m s  t ’ l o i m m t t  l u l l ’ , ‘ i m t  t ’ u ’p, m a ‘ ; : : ‘, ( t o n  t ’ 0’;1’ t ’u. ’ i—
tt ut ’i t l s .  1, 1 . I ut ’ ’’ ‘ ‘c ’ l’ m a o h . i l o  l i l t  y A j oj c  . 0.4 , 29 , S— l( 1.~

Spaump ,  I I .  A.  ( I  ‘11 ’ , ’ ) .  ,‘\ roy I c’ lc ’ u m t m l ultu hmo (y,,i t (u ” t l  li -el m s i m ( t m i ’s I’ c ’ u ’
t h o U  I i u m e , m i ’  I u i m i ’ l  i t o l l : ; . S I A l l I4~~’. - :~ , ~~~ 1— 1 m m ’ , .

Sp ru I I I , C. ( 1 1 / 01 )  . (1 p1 11101 I ul i’ o - ;  I gm is to m ’ St’i ’m u i ) t I  m m i ’ ,i u _ I ’ p i ’ c ’ c i ’ ; ; : o , ,’ 0

w i  l I t  gt”n u - m  m l  I i u m e m m ’ n i e :un s .  ‘ h ’ m.’t ’ Im .  St - p or t  (5’ u ’ t ’ ~’, i ou I n s t .  ‘ I c c - l u .
I _ u u u t  i , tN \

S p ru  l I t  , C. o ut i, t ’,l I mi d cit _ mu  , K . l . ( I ’ m  / 8 )  — A 1-0. b I t ’ m ’ — W u o h i  tot-,’ I I ’ I b m c ’ , o m c ’mit
.1 :1 m o e  l u m o o t  I t ’ It i c  ‘‘ ‘ (‘55 51’ I I ( l i i ’ , . ‘tN ’~’ I i .  Ki ’p c m i - I  , Sop I •

P t  a t  ( St  1 i : ; , I ’ ; m m’ c l u m i ’ U n i v  • , Kc ’s( 1st i i’ .’,’ I t t ’ , i N .

S r I v . m m ; I  . m ’ . ’ c , 1 . I I .  ( I’ I , ’ I I )  . 41 1 01 i nu m u l  lo oo l ; mt im. - u’, I , i11 m m c l  I , u m m , m  I I ic—
I , ’ u ’ 1 . 11 c I , ’; o  I p i t ; ; . b’I :~; ; , iv : ;  b u m  Pr  sb . onuS S t 0 i  I . h u m  it ’ . u o l  No t -  h i m
U , m i ’c ’ I  mu m ‘ m c ’ ; ; , ( ‘ l l . u l l i d l  1 1 1 1 1 , N . t . , (o 8 t ) — , ’ m2m ’ .

Sr ( v u  : ; C  , i va , . 1 . N .  ( I  ‘) / ‘ m )  . h os t  gns I c o m ’  00 0 i  u , ’ I t l I m p  lua u — i l , ’~ ’, I to’. ( b o l t ’
I i’ c ’I  ;: • ~i ! i s m ’ ’c ’ , ’V ‘ I  I t  m l  ( ; ; ( f t i  I I u u ’o, i I ’ l l omi tm b 1 I m i m i ’ i’0. , ’, i , ’ I

(_ 1  . N.  Su ’ ( c m i ,;l,R’ ,u , Ed . ) . Alum ;; 1. i t ’d, m iii : N i m i  I Ii’ I It ’ I I , i t t  I’ m t I m I I ; ; I m ( 11 10
(;~~. , 501— ~ ‘ m I ’ s .
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Sr ( .v ,m si4m V .l  , 1 . N .  ( I ’ ) ,’ 7 ’) . Opt I imm ; m I seoit ’cl m ,lu’ ; ; I 0’, m u :o , uo i ’ cIt ’S I) ’. is
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