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PREFACE 

OPERATIONS 

Dur i ng  t h e  12 months ending June 30, 1983, Mathematics and 

S t a t i s t i c s  Research (MSR) logged 35,497 hours  o f  e f f o r t  i n  research  and 

s e r v i c e  t o  t h e  components o f  Union Carb ide Co rpo ra t i on  Nuc lear  D i v i s i o n  

(UCC-ND) and o the r  l o c a l  U. S. Department o f  Energy (DOE) c o n t r a c t o r s .  

O f  t h e  e f f o r t  expended, 41% was on p r o j e c t s  managed by MSR, 35% was f o r  

c o n s u l t i n g  and c o l l a b o r a t i o n  w i t h  t h e  Oak Ridge Na t i ona l  Labora to ry  

(ORNL) d i v i s i o n s ,  21% was f o r  t h e  UCC-NU p r o d u c t i o n  and t e c h n i c a l  sup- 

p o r t  s t a f f ,  and 3% was f o r  a l l  o t h e r  a c t i v i t i e s .  Th is  d i s t r i b u t i o n  o f  

e f f o r t  i s  shown i n  t h e  f i g u r e  below. 

ORNL-DWG 83-2907 FED 

D i s t r i b u t i o n  o f  Mathernatlcs and S t a t i s t i c s  Research E f f o r t  

i x 



The research  p r o j e c t s  managed by MSR d u r i n g  t h i s  p e r i o d  i n c l u d e d  

f i v e  p r o j e c t s  funded by t h e  DOE O f f i c e  o f  Bas ic  Energy Sciences, two 

funded  by t h e  DOE O f f i c e  o f  H e a l t h  and Environmental  Research, one by 

t h e  Nuc lear  Regu la to ry  Commission, and one by t h e  Nat iona l  Geodet ic 

Survey. The f i g u r e  below shows t h e  d i s t r i b u t i o n  o f  hours  charged t o  

t h e s e  p r o j e c t s .  The p rogress  made i n  t hese  p r o j e c t s  i s  desc r ibed  i n  t h e  

app rop r i  a t e  chap te rs  o f  t h i s  r epo r t ,  

ORNL-DWG 83-2908 FED 

""1 1 

BlOMETRlCS I APPLIED COMPUTATIONAL STATISTICAL 
I ANALYSIS MATHEMATICS METHODS I 1 

HEALTH AND I I I 
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Research i n  t h e  App l i ed  Ana l ys i s  Category f o r  t h e  DOE O f f i c e  o f  

Basi c  Energy Sciences has been reo rgan i  zed d u r i n g  t h i s  r e p o r t  p e r i o d  t o  

r e f l e c t  c u r r e n t  MSK research d i r e c t i o n s .  Research i n  t h e  M a t e r i a l s  

Science P r o j e c t  has been d i scon t i nued ,  and a  new p r o j e c t  e n t i t l e d  

App l i ed  Ana l ys i s  has been formed. Th i s  new p r o j e c t  i n c l u d e s  ou r  r e -  

search 6n moving boundary problems and a  new i n i t i a t i v e  on problems i n  

s t o c h a s t i c  ana l ys i s .  Thus, t h e  fo rmer  Moving Boundary Problems P r o j e c t  

has a l s o  been d isso lved ,  be ing  subsumed by t h e  new p r o j e c t .  

O f  t h e  t o t a l  t ime  1  ogged by t h e  department s t a f f ,  56% was devoted t o  

a s s i s t i n g  s c i e n t i s t s  and engineers  i n  o t h e r  u n i t s  o f  UCC-ND. The d i s -  

t r i b u t i o n  o f  t h i s  e f f o r t  i s  shown i n  t h e  ba r  c h a r t  below. 
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PERSONNEL 

Severa l  personnel changes took p l ace  d u r i n g  t h e  pas t  12 months. 

0. A. Gard iner  t r a n s f e r r e d  t o  t h e  Y-12 P l a n t  accep t i ng  a p o s i t i o n  as 

Sen io r  S t a f f  Consul tant .  P. K. Stuber  r e t u r n e d  t o  Tennessee Techno- 

l o g i c a l  U n i v e r s i t y  t o  con t i nue  he r  s t u d i e s  toward an undergraduate 

degree. C. K. Bayne, S.-J. Chang, M. H. Hsie, and C. B. Yount t r a n s -  

f e r r e d  t o  Technica l  A p p l i c a t i o n s  o f  Computer Sciences, Engineer ing 

Technology Di v i s i  on, I n f o r m a t i o n  Systems of Computer Sciences, and 

Cen t ra l  S t a f f  o f  Computer Sciences, r e s p e c t i v e l y .  V. E. Kane accepted 

an employment o f f e r  f r om t h e  Ford Motor Company. 

New employees a re  G. A. Ge is t  and M. L. Stephens i n  t h e  Mathe- 

m a t i c s  Sect ion,  D. L. Poole i n  t h e  S e c r e t a r i a l  Support  Sect ion, and 

0. C. Schlotzhauer  i n  S t a t i s t i c s  Sec t ion  B. 

Several  changes a l s o  occur red  i n  t h e  management o f  MSR. 

R. C. Ward accepted t h e  p o s i t i o n  o f  Head o f  Mathematics and S t a t i s t i c s  

Research; D. G. Gosslee agreed t o  reassume some management d u t i e s  and 

accepted t h e  p o s i t i o n  o f  A c t i n g  Head o f  S t a t i s t i c s  Sec t ion  A; and 

A, D. Solomon accepted t h e  p .os i t i on  o f  Head o f  t h e  Mathematics Sect ion. 

The c u r r e n t  o r g a n i z a t i o n  c h a r t  i s  shown .on t h e  f o l l o w i n y  pdye. 
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SUMMARY 

Th i s  r e p o r t  i s  t h e  t w e n t y - s i x t h  i n  t h e  s e r i e s  o f  p rogress  r e p o r t s  

o f  Mathemati cs and S t a t i  s t i  cs  Research of t h e  Computer Sciences o rgan i  - 
za t i on ,  Union Carb ide Corpora t ion .Nuc1ear  D i v i s i o n .  

P a r t  A records  research p rogress  i n  a n a l y s i s  o f  l a r g e  da ta  s e t s ,  

a p p l i e d  a n a l y s i s ,  b i o m e t r i c s  research, cornputat ional  s t a t i s t i c s ,  

m a t e r i a l s  sc ience  a p p l i c a t i o n s ,  numer ica l  1  i n e a r  a lgebra ,  and r i s k  

ana l ys i s .  

C o l l a b o r a t i o n  and c o n s u l t i n g  w i t h  o the rs  th roughou t  t h e  Oak Ridge 

Department o f  Energy complex a r e  recorded  i n  P a r t  B. I nc l uded  a r e  

s e c t i o n s  on b i o l o g i c a l  sc iences,  energy,  eng ineer ing ,  env i  ronmental  

sciences, h e a l t h  and sa fe t y ,  and safeguards.  

P a r t  C summarizes t h e  va r i ous  educa t i ona l  a c t i v i t i e s  i n  which t h e  

s t a f f  was engaged. P a r t  D l i s t s  t h e  p r e s e n t a t i o n s  o f  research  r e s u l t s ,  

and P a r t  E  records  t h e  s t a f f ' s  o t h e r  p r o f e s s i o n a l  a c t i v i t i e s  d u r i n g  t h e  

r e p o r t  p e r i  od. 



PART A. MATHEMATICAL AND S T A T I S T I C A L  RESEARCH 

1. A N A L Y S I S  OF LARGE DATA S E T S  

C. K. ~ a ~ n e '  T. J. M i t c h e l l  
3. 3. Beauchamp C. A. S e r b i n  
N. R. ~ r a ~ e r ~  H. ~ s a o ~  
L. 3. Gray. T. W r i g h t  
V. E. ~ a n e ~  
G. P. ~ c ~ a b e ~  

COMPARISON OF D I S C R I M I N A T I O N  MODELS 

Work has c o n t i  nued on compar ing t h e  per formance o f  F i s h e r ' s  1  i n e a r  

and q u a d r a t i c  d i s c r i m i n a n t  f u n c t i o n s  w i t h  t h e  l o g i s t i c  1  i n e a r  and 

q u a d r a t i c  d i s c r i m i n a n t  f u r ~ c t i  ons f o r  c l a s s i f y i n g  o b s e r v a t i o n s  f r o m  

t h r e e  t y p e s  of b i v a r i a t e  d i s t r i b u t i o n s .  The s i m u l a t i o n  s t u d y  r e s u l t s  

p r o v i d e d  t h e  f o l l  owing genera l  i z a t i  ons: (1) 1l1e o p t l m a l  ~naxinum 

l i k e l i h o o d  p rocedure  i s  p r e f e r a b l e  f o r  t h e  d a t a  t y p e s  cons idered,  b u t  

r e q u i r e s  d i s t r i b u t i o n a l  model ing;  ( 2 )  t h e  s t a n d a r d  1  i n e a r  d i s c r i m i n a n t  

f u n c t i o n  (LDF) i s  l e a s t  s e n s i t i v e  t o  s m a l l  sample s i z e s ;  ( 3 )  t h e  

q u a d r a t i c  d i s c r i m i n a n t  f u n c t i o n ' s  (QDF) d i s t r i b u t i o n a l  robus tness  

depcnds upon t h e  t y p e  o f  n o n n o r m a l i t y  p r e s e n t  and i t s  p e r f o r ~ n a n c e  was 

found  t o  be s e n s i t i v e  t.n san~p le  s i z c ;  and (4 )  t h e  l o g l s t i c  procedures 

(LLF and QLF) p e r f o r m  p o o r l y  f o r  s m a l l  mi s c l a s s i f  i c a t i  on p robab i  1  i t i e s  

(pT - < 0.15) and smal l  sample s i z e s  (n - < 2 5 )  even t h o ~ g h ,  t h e o r e t i d a l l y ,  

t h e y  a r e  d i s t r i b u t i o n a l l y  r o b u s t  f o r  t h e  e x p o n e n t i a l  f a m i l y  when t h e  

d i s c r i m i n a t i o n  model i s  c o r r e c t .  A t . h e o r e t i  c a l  c x p l a n a t i o ~ i  Tur t h e  



poor  performance o f  t h e  LLF f o r  smal l  va lues  o f  pT i n  t h e  b i v a r i a t e -  

normal -equa l -covar iance  case was d e r i v e d  f rorn an exami n a t i  on o f  some 

l o g i s t i c  r e g r e s s i o n  d i a g n o s t i c s  g iven  by ~ r e ~ i b o n . ~  The t h e o r e t i c a l  

e x p l a n a t i o n  demonstrated t h a t  on l y  a  few " o u t l i e r "  obse rva t i ons  t h a t  

can occur  between two separa ted  popu la t i ons  can have an app rec i ab le  

i n f l u e n c e  on t h e  es t ima ted  parameters o f  t h e  LLF. F i g u r e  1 shows a 

comparison o f  t h e  performance o f  t h e  LDF t o  o t h e r  d i s c r i m i n a n t  func- 

t i o n s  u s i n g  t h e  mean square e r r o r  (MSE) and b i a s  r a t i o s .  Th i s  f i g u r e  

demonstrates t h e  impor tance o f  se  l e c t l  ng t he  dpp rop r i  a t c  f u n c t i o n  f n r  

!:he d i s c r ~ m l  nat  l UII ~ l ' o h l c m .  

The a1 y o r i t h m s  developed t o  c a l c u l a t e  t h e  m i s c i a s s i f  l c d l i o n  proba- 

b i  1 i t i e s  f o r  the  second-or-dei d i s e r i m i  nan t  f u n c t i o n s  used t o  c l a s s i f y  

o b s e r v a t i  ons f rom b i  v a r i  a t e  normal popul  a t i  ons has been updated t o  make 

use o f  c u r r e n t l y  ava i  l a b l e  subrou t ines .  The colnputer program has been 

e x t e n s i v e l y  t e s t e d  t o  ensure t h a t  t h e  prograin adheres t o  a  p o r t a b l e  

subset  o f  ANSI FORTRAN 66. 

DATA- BASED TRANSFORMAT IONS 

I n  t h e  t r a d i t i o n a l  approach t o  c l a s s i f . i c a t i o n  u s i n g  d i s c r i m i n a n t  

a n a l y s i s ,  a l r ~ d r i s f s r ~ n i l t i  on i s  s e l c c t ~ d  w i t l i ou t  r ega rd  f o r  t h e  t r a n s -  

f o r m a t i o n ' s  e f f e c t  on m i s c l a s s i f i c a t i o n  p r o b a b i l i t i e s .  Research has 

s t a r t e d  on t h e  app l  i c a t i o n  o f  t h e  power t r a n s f o r m a t i o n  t o  b i v a r i a t e  

obse rva t i ons  f rom two popu la t i ons  and t h e  examina t ion  o f  es t imated  mis -  

c l a s s i f  i c a t l o n  pr30babi 1  i t i e s  when c o n s i d e r a t i o n  1 s  r e s r r l c l e d  l o  a 

l i n e a r  d i s c r i m i n a n t  f ~ . ~ n c t i o n .  A colnputer a l g o r i t h m  has beer) w r i t t e n  t o  

o b t a i n  t h e  ma rg ina l  as w e l l  as j o i n t  inaxilnum 1  i k e l i  hood es t ima tes  o f  

t h e  power t r a n s f o r m a t i o n  parameters f o r  a  g i ven  d a t a  se t .  M o d i f i c a -  

t i o n s  t o  t h e  a l g o r i t h m  have a l s o  been made t o  a l l o w  f o r  " jaCkkr r i te " -  

1  i ke es t ima tes  o f  t h e  t r a n s f o r ~ n a t i o n  parameters and lni s c l a s s i f i c a , t i  on 

p r o b a b i l i t i e s  t o  be ob ta i ned  as w e l l  as r e s u b s t i t u t i o n  es t ima tes  o f  t h e  

m i s c l a s s i f i c a t i o n  p robab i  1  i t i e s .  I n  a d d i t i o n ,  es1;imates o f  , t h e  mis- 

c l a s s i f i c a t i o n  p r o b a b i l i t i e s  f o r  t h e  untransformed da ta  a r e  ob ta i ned  

f o r  comparat i  ve purposes. The d i f f e r e n c e  between t h e  es t ima ted  
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c o v a r i a r ~ e e  nldl!.i ces (n = 100).  



m i  s c l a s s i f i  c a t i o n  probabi  1  i t i e s  f rom t h e  t rans fo rmed and unt ransformed 

da ta  can f o rm  t h e  bas i s  f o r  an e v a l u a t i o n  of t h e  e f f e c t  o f  t h e  t r a n s -  

f o rma t i on .  A s i m u l a t i o n  s tudy  has been done t o  examine t h e  e f f e c t  o f  

t h e  t r a n s f o r m a t i o n  when t h e  c o r r e c t  t r a n s f o r m a t i o n  t o  ach ieve normal i t y  

i s  known. , P r e l i m i n a r y  r e s u l t s  f rom t h e  s i m u l a t i o n  s tudy i n d i c a t e  f o r  

.values o f  t h e  t r a n s f o r m a t i o n  parameter i n  t h e  [0,1 ] - i n t e r v a l  t h a t  t h e  

ma jo r  e f f e c t  o f  t h e  t r a n s f o r m a t i o n  i s  found f o r  values near 0  where t h e  

d i f f e r e n c e  between t h e  t rans fo rmed and u n t  r ans f  ormed m i s c l a s s i  f i c a t i o n  

p r o b a b l l  i t i e s  can be more t h n  50% when c o n s i d e r a t i  on i s  r e s t r i c t e d  t o  

d 1  ~irsear d i s c r i m i n a n t  f11nct.i on. 

BAYESIAN REGRESSION IN TMF PRESENCE OF MULTlCOLLINEARITY 

Large data s e t s  based on observa t ion  o f  phys i ca l  o r  econolnlc p ro -  

cesses r a t h e r  t h a n  on des igned exper iments  f requer i t l y  e x h i b i t  "mu1 t i  - 
c o l  l i n e a r i t y " ;  i .e., t h e  observed va lues o f  some o f  t h e  va,r iables can 

be ve ry  n e a r l y  approximated by l i n e a r  combinat ions o f  t h e  va lues o f  

o t h e r  v a r i a b l e s .  ' I f  severa l  o f  t h e  "exp lana to ry "  v a r i a b l e s  happen t o  

be m u l t i c o l  1 i nea r ,  t h i s  CdIJSt?S g rea t  d i f f i c u l t y  i n  r eg ress ion  analyses 

o f  such da ta  sets .  I n  essence, t h e r e  i s  n o t  enough i n f o r m a t i o n  i n  t h e  

da ta  t o '  determi  ne w l t h  adequate p r e c i s i o n  t h e  i n d l v i  dud1 e f f e c t s  o f  

t hese  v a r i a b l e s  ur~ /lie "respur~se" v a r i a h l ~ .  

The-. Bayesian way of d e a l i n g  w i t h  t h i s  problem i s  t o  b r i n g  i n  

a d d i t i o n a l  " i n f o rma t i nn "  by means o f  a  p r i o r  d i s t r ' i b u t i o n  on t h e  v e c t o r  

, . o f  r e g r ~ < s i a n  c o e f f i c i e n t s ,  B. Usua l l y  a r11u1 l f~ iormal  d i s t r i b u t i o n  i q  

chosen because t h e o r e t i c a l  r e s u l t s  i n  t h e  form o f  fo rmu las  f o r  t h e  

re1  evant  p o s t e r i  o r  d i  s t  r i  b u t i  ons a re  r e a d i  l y  ava i  1  a b l  e. The main 

p r a c t i c a l  ,prob lem i n  t h i s  case I s  ttie cho ice  o f  t h e  p r i o r  mean and 

covar iance  ma t r i x .  We have shown, t h a t  t h i s  cho ice  can be made e a s i l y  

i f  one i s . . w i l l i n g  t o  s p e c i f y  a  p r i o r i  t h a t  t h e  t r u e  response va lues of 

i n t e r e s t  a r e  normal l y  d i s t r i b u t e d ,  independent l y  and i d e n t i c a l  l y .  The 

responses "o f  i n t e r e s t "  may i n c l u d e  f u t u r e  va lues and h y p o t h e t i c a l  . 

cases as w e l l  as data a l r eady  observed. Imposing t h e  model assumptions 

on t h i s  p r i o r  d i s t r i b u t i o n  then  generates t h e  a p p r o p r i a t e  p r i o r  on .. 6; 



t h e  mean and covar iance  m a t r i x  (up t o  a  m u l t i p l i c a t i v e  cons tan t )  o f  

t h i s  d i s t r i b u t i o n  a r e  comp le te ly  s p e c i f i e d .  The subsequent a n a l y s i  s  

y i e l d s  a  s p e c i a l  k i n d  o f  " r i d g e  e s t i m a t o r " ,  which i n  c e r t a i n  s p e c i a l  

cases can be shown e q u i v a l e n t  t o  t h e  "sh r inkage  e s t i m a t o r "  and t h e  

Hoerl-Ken'nard r i d g e  e s t i a a t o r .  Both o f  these  e s t i m a t o r s  a r e  popu la r  

a l t e r n a t i v e s  t o  t h e  leas t -squares  e s t i m a t o r  when m u l t i c o l l i n e a r i t y  i s ,  

present .  The advantage o f  t h e  p resen t  approach i s  t h a t  i t  can be used 

much more g e n e r a l l y  i n  s e t t i n g s  where n e i t h e r  o f  these  e s t i m a t o r s  i s  

app rop r i a t e .  

OPTIMIZATION OF RETENTION PROBABILITY 
WITH PPS SAWLING FROM UPDATED FRAMES 

A c l a s s i c a l  problem i n  sampl ing f rom a  f i n i t e  s t r a t i f i e d  popula-  

t i o n  i s  t h e  e s t i m a t i o n  o f  a  p o p u l a t i o n  t o t a l ,  Y, where i t  i s  impo r tan t  

t h a t  t h e  random choice of a  u n i t  f r om  t h e  s t r a tum be made w i t h  proba- 

b i l i t y  p r o p o r t i o n a l  t o  t h e  measure o f  s i z e  (PPS) of t h a t  u n i t .  When 

sampl ing frames, such as t h a t  which suppor ts  Form EIA-782B ( f o r m e r l y  

c a l l e d  Form EIA-9A), a re  updated, t h e  measures o f  s i z e  assoc ia ted  w i t h  

t h e  p o p u l a t i o n  u n i t s  f r e q u e n t l y  w i l l  change due t o  ne t  growth,  b i r t h s ,  

deaths, and mergers. Since these  measures o f  s i z e  can be used i n  e s t i -  

mat ion,  e f f i c i e n c y  requi rements  d i c t a t e  t h a t  s i g n i f i c a n t  r e l a t i v e  

changes i n  s i z e  shou ld  be f o l l o w e d  by an updated sample. Because o f  

t h e  h i g h  cos t  o f  o b t a i n i n g  accu ra te  a u x i l i a r y  i n f o r m a t i o n  on new r e -  

spondents and of fami 1  i a r i z i n g  them w i t h  r e p o r t i n g  procedures,  i.t i s  

o f t e n  d e s i r a b l e  t o  r e t a i n  as many respondents as p o s s i b l e  f rom t h e  

o r i g i n a l  sample (based on t h e  ou tda ted  measures o f  s i z e )  f o r  t h e  new 

sample (based on t h e  updated measures o f  s i z e ) .  ~ e ~ f  i t z g  and  ohe en l o  

have cons idered  t h i s  problem when one u n i t  i s  t o  be s e l e c t e d  f rorn each 

s t  ratum. 

We have demonstrated t h a t  a  l i n e a r  programming approach so l ves  no t  

o n l y  t h e  problem o f  maximiz ing t h e  p r o b a b i l i t y  of r e t e n t i o n ,  bu t  a l s o  

t h a t  t h e  l i n e a r  programming approach can be used t o  so l ve  o t h e r  r e l a t e d  

prnhlems, i n c l u d i n g  t h e  problem o f  rni n im i  z i n g  t h e  p robah i  1  i t y  o f  

r e t e n t i o n .  Ue have shown t h a t  K e y f i t z ' s  s o l u t i o n  i s  on l y  o n e o f  t h e  



p o s s i b l y  i n f i n i t e  s o l u t i o n s  o f f e r e d  by t h e  1 i n e a r  programming 

approach. We a l s o  have shown how t h e  t echn ique  o f  l i n e a r  programming 

can be used w i t h  PPS sampl ing when one s e l e c t s  two u n i t s  f r om  each 

s t r a t u m  w i t h o u t  replacement.  
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MOVING BOUNDARY PROBLEMS 

Our major  a t t e n t i o n  has con t inued  t o  be focused on b i n a r y  a l l o y  

s o l i d i f i c a t i o n .  S i g n i f i c a n t  ques t ions  o f  bo th  mathemat ica l  and p r a c t i -  

ca l  impor tance revo l ve  around t h e  ex i s t ence  and behav io r  o f  "mushy" 

r eg ions  i ' n  t h e  neighborhood o f  t h e  s o l  i d11  i q u i d  boundary. We have 

at tempted t o  c o n f r o n t  these  problems by i n t r o d u c i n g  a  number of a l t e r -  

n a t i v e  models o f  m a t e r i a l  a c t i v i t y  i n  such a  reg ion.  We b e l i e v e  t h a t  

we have succeeded i n  deve lop ing  a  t h e o r e t i c a l l y  c o n s i s t e n t  mathemat ica l  

model o f  b i n a r y  a1 l o y  so l  i d i f i c a t i o n 3  which i n c l u d e s  t h e  poss i  b i  li t y  o f  

mushy reg ions  bu t  does no t  r e q u i r e  t h e i r  ex is tence .  A d d i t i o n a l  e f f o r t  

was expended i n  a  sys temat i c  i n v e s t i g a t i o n  o f  e x i s t i n g  numer ica l  

methods f o r  s o l v i n g  moving boundary problems. A g r e a t  v a r i e t y  of such 

methods e x i s t ,  rang ing  f rom schemes f o r  e x p l i c i t l y  t r a c k i n g  a  movi ng 

f r o n t  t o  bveak s o l u t i o n  approaches. A survey paper4 i s  i n  p r e p a r a t i o n  

which w i l l  p resen t  a  comparison and e v a l u a t i o n  o f  numerous d i f f e r e n t  

methods. Other r e s u l t s  o f  our work d u r i n g  t h e  pas t  y e a r  i n c l u d e :  t h e ,  

ex tens ion  o f  t h e  en tha lpy  method t o  t h e  case o f  a  r e g i o n  c o n s i s t i n g  of 

a number o f  r e y i  ons w i t h  d i f f e r e n t  ther lnophysi  c a l  p r o p e r t i e s ;  con t inued  

expansion o f  our  b i  S l  i ographi  c f i l e s  on moving boundary problems; and 

so:ne success i n  implement ing adap t i ve  l e a r n i n g  techn iques  f o r  boundary 

va lue  problems i n v o l  v i  jig t h e  heat  eqclati  on. 

We have developed a  new f o r m u l a t i o n  o f  t h e  mathematical  model f o r  

b i n a r y  a1 l a y  s o l i d i f  i c a t i s n .  Th i s  model i s  based on a noncqui 1  i brium 

thercnodyna~ni c  a n a l y s i s  o f  t h e  p h y s i c a l  process. I t s  s a l i e n t  f e a t u r e  i s  

t h e  appearance o f  a  new v a r i a b l e  t h e  " l i q u i d  f r a c t i o n "  o f  m a t e r i a l .  

Th is  v a r i a b l e  takes  values i n  t h e  c l osed  i n t e r v a l  [0,1]  w i t h  0  c o r r e -  

sponding t o  t h e  s o l i d  phase, 1 cor respond ing  t o  t h e  l i q u i d  phase, and 



i n t e r m e d i a t e  va lues  cor respond ing  t o  a  mushy reg ion.  The l i q u i d  

f r a c t i o n  i s . d e f i n e d  by t h e  c l a s s i c a l  Lever r u l e  i n v o l v i n g  t h e  tempera- 

t u r e ,  c o n c e n t r a t i o n  and phase diagram r e l a t i o n s .  The 1  i q u i d  f r a c t i o n  

appears e x p l i c i t l y  i n  t h e  conserva t ion  r e l a t i o n  f o r  energy. The mathe- 

mat i ,ca l  problem c o n s i s t s  o f  a  p a i r  o f  coupled n o n l i n e a r  p a r a b o l i c  

p a r t i a l  d i f f e r e n t i a l  equat ions,  which a r e  t o  h o l d  i n  a  d i s t r i b u t i o n a l  

sense i n  t h e  e n t i r e  a l l o y  reg ion,  t o g e t h e r  w i t h  a p p r o p r i a t e  i n i t i a l  and 

boundary c o n d i t i o n s .  Ana l ys i s  of t h i s  model i s  proceedinq on two 

f r o n t s .  We a r e  i n v e s t i g a t i n g  t h e  usual  t h e o r e t i c a l  ques t i ons  o f  e x i  s- 

tence,  uniqueness, and cont inuous dependence o f  s o l u t i o n s  f o r  t h e  

mathemat ica l  problem; and we a r e  implement ing t h e  mnde1 i n  a r . n m p ~ r t . ~ r  

a l g o r i t h m  t o  g a i n  some numer ica l  exper ience w i t h  it. 

We have i n i t i a t e d  a  s tudy  o f  numer ica l  methods f o r  moving boundary 

problems. The o b j e c t  o f  t h i s  s tudy i s  t o  i d e n t i f y  which methods a re  

s u i t a b l e  f o r  which k i nds  o f  problems. A few of t h e  approaches be ing  

eva lua ted  a re :  t h e  v a r i a b l e  mesh methods o f  Douglas and G a l l i e ,  f r o n t  

f i x i n g  techn iques  a r i s i n g  f rom Landau's method, schemes based on t h e  

method o f  l i n e s ,  weak s o l u t i o n  approaches, and t h e  use o f  t h e  p e n a l t y  

parameter f o r  t h e  problem corresponding t o  t h e  f r e e z i n g  index. Compu- 

t a t i o n a l  i m p l i c a t i o n s  o f  v a r i a t i o n a l  i n e q u a l i t y  f o r m u l a t i o n s  a re  a l s o  

be ing  examined. T h i s  s tudy w i l l  i n c l u d e  f i n i t e  d i f f e r e n c e  and f i n i t e  

element techn iques  i n  two and t h r e e  dimensions. P r e l i m i n a r y  r e s u l t s  

i n d i c a t e  t h a t  f r o n t  t r a c k i n g  methods a r e  bes t  f o r  g i v i n g  p r e c i s e  l oca -  

t i o n  of t h e  moving boundary, bu t  weak s o l u t i o n  methods a r e  e a s i e r  t o  

imp1 ement. 

STOCHASTIC ANALYSIS 

The development of e f f o r t s  t o  'apply  and ex tend  t h e  coherent -  

p o t e n t i a l  approx imat ion  (CPA) f o r  random s u b s t i t u t i o n a l  a1 l o y s  has 

f o l l o w e d  two somewhat independent l i n e s  s i n c e  t h e  i dea  was f i r s t  p u t  

fo rward  i n  1967 by Soven and Tay lor .  On t h e  one hand t h e r e  have been 

t h e  more fo rma l  e f f o r t s  l o o k i n g  f o r  e f f e c t i v e  c l u s t e r  t y p e  approxima- 

t i o n s ,  and f i n d i n g  a  t e s t i n g  ground i n  s imp le  models such as s i n g l e  



band systems. On t h e  o t h e r  hand t h e r e  have been many e f f o r t s  t o  work 

w i t h  r e a l i s t i c  models. For  e l e c t r o n i c  p r o p e r t i e s ,  t h i s  s t a r t e d  w i t h  

Soven's use o f  a  CPA-type app rox ima t i on  f o r  m u f f i n - t i n  p o t e n t i a l s ;  t h i s  

l e a d  t o  v a r i o u s  ways of c a l c u l a t i n g  p h y s i c a l  p r o p e r t i e s  o f  r e a l  systems 

u s i n g  an on-the-energy-she1 1  mu1 t i p l e - s c a t t e r i n g  approach, b u t  t hese  

methods d i d  n o t  #go beyond s i n g l e - s i  t e  approx imat ions.  

We have developed6 sys tema t i c  m u l t i p l e - s c a t t e r i n g  ve r s i ons  o f  t h e  

r ecen t  approx imat ions  due t o  M i  11 s  and ~ a t a n a v a r a r a k s a  (MR) and 

Kaplan, Leath, Gray, and D i e h l  (KLGD) which i n c o r p o r a t e  two impo r tan t  

e f f e c t s  n o t  i n c l u d e d  i n  t h e  CPA. These e f f e c t s  a r e  c l u s t e r  s c a t t e r i n g  

and env i  ronmental  d i so rder .  Theref  ore, t hese  approx imat ions  t a k e  us 

beyond t h e  s i n g l e - s i t e  averag ing  o f  t h e  CPA and a l l o w  t h e  m u f f i n - t i n  

p o t e n t i a l s  i n  t h e  a l l o y  t o  depend on t h e  occupa t ion  o f  t h e  su r round ing  

s i t e s .  have proved t h a t  c l u s t e r  s c a t t e r i n g  i s  i n c l u d e d  i n  such a  

way as t o  p reserve  t h e  necessary a n a l y t i c  p r o p e r t i e s  of t h e  approx i~na-  

t i  on. These mu1 t i  p l  e - s c a t t e r i n g  v e r s i  ons o f  MR and KLGD pe rm i t  c a l  cu- 

l a t i o n s  u s i n g  on- the-energy-shel l  t - m a t r i c e s  i n  t h e  s p i r i t  o f  t h e  

m u l t i p l e  s c a t t e r i n g  form o f  t h e  CPA. 
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3. BIOMETRICS RESEARCH 

S. F.  be^' M. D. M o r r i s  
E. L. Fro~ne R. L. Schmoyer 
T. J. M i t c h e l l  

NONPARAMETRIC BIOASSAY 

Our research  i s  c o n t i n u i n g  i n  dose-response curve  e s t i m a t i o n  based 

on t h e  assumption t h a t  t h e  es t ima ted  curve  i s  sigmoid. A s igmo id  

dose-response curve i s  nondecreasing and i s  convex a t  low doses b u t  

becomes concave a t  h i g h  doses. Suppose nl,... ,n " t r i a l s "  a r e  made k  
a t  doses x l  ,..., x  L e t  ( p l  ,..., p  ) = 1' denote t h e  p r o b a b i l i t i e s  o f  

k  ' k  
"death" a t  doses xl,. . . ,xk, r e s p e c t i v e l y ,  and l e t  (cl, ... ,bk) = i' 

... ... - 
denote t h e  observed p r o p o r t i o n  o f  deaths.  Le t  (ply.. . ,pk) = 2' denote 

t h e  es t ima te  o f  (pl, ...,pk), cons t ra i ned  by t h e  assumption o f  s igmo i -  

d i c i t y .  F i n a l l y ,  l e t  D be t h e  kxk d iagona l  m a t r i x  w i t h  i - t h  d iagona l  

element ni (pi ( I - ~ ~ ) ) - ' .  Based on t h e  f a c t  t h a t  (P;,...,pi) i s  

asymptot i  c a l  l y  a  9-weighted 1  i near  p r o j e c t i o n  o n t o  a  hyperp lane  t h a t  

con ta i ns  (pl, ...,pk), we have t h a t  a s y m p t o t i c a l l y  

The above i n e q u a l i t y ,  and i t s  ana log  f o r  s i m i l a r l y  c o n s t r a i n e d  

~ ? s t i ~ n a t o r s ,  i s  u s e f u l  f o r  e s t a b l i s h i n g  asymp to t i c  con f idence  i n t e r v a l s  

and hypo thes is  t e s t s ,  s i nce  t h e  r l gh t - hand  s l d e  o f  t h e  l n e q u a l l t y  I s  

asymp to t i cd l  l y  a ch i -square  random v a r i a b l e .  The asymp to t i c  t e s t s  

appear t o  be much Inore power fu l  than  p r e v i o u s l y  d e r i v e d  t e s t s  which do 

no t  depend on asympto t i c  t heo ry ,  bu t  a r e  based on r a t h e r  severe 

approx imat ions.  The d e t a i l s  o f  t h e  above d e r i v a t i o n  have been 

su~mnarized i 11 a  manuscr ipt .  2 

A COMPUTER PROGRAM FOR THE ANALYSIS OF DISEASE PREVALENCE DATA 

Work has been completed on t h e  d e s c r i p t i o n  and extended documen- 

t a t i o n  o f  a  corn'puter program f o r  t h e  s t a t i s t i c a l  a n a l y s i s  o f  necropsy 



d a t a  a r i s i n g  f r om s u r v i v a l  exper iments  ( w i t h  perhaps some s e r i a l  

s a c r i f i c e )  on p o p u l a t i o n s  o f  l a b o r a t o r y  animals.  Such exper iments a r e  

common, f o r  example, i n  t h e  t e s t i n g  of p o t e n t i a l  r i s k  f a c t o r s ,  e.g., 

exposure t o  chemicals o r  r a d i  a t i  on, f o r  p o s s i b l e  ca rc i nogen i c  e f f e c t s .  

The methodology, which i s  based p r i m a r i l y  on t h e  use o f  l o g - l i n e a r  

models t o  express and t e s t  t h e  assumptions o f  t h e  i n v e s t i g a t o r ,  has 

been p r e v i o u s l y  descr ibed.  3 ' 4  The computer program and i t s  use i n  

e s t i m a t i n g  t h e  model parameters and i n  t e s t i n g  . hypotheses . a r e  d e s c r i  bed 

i n  a  r e p o r t .  5 

SAWCE MEAN OF CORRELATED OBSERVATIONS 

Many b i o l o g i c a l  i n v e s t i g a t i o n s  i n v o l v e  repeated observa t ions  o f t e n  

made on t h e  same exper imenta l  u n i t .  Th i s  f r e q u e n t l y  produces rneasure- 

ments which a r e  s t a t i s t i c a l l y  co r re l a ted .  We have examined t h e  

p r e c i s i o n  of t h e  unweighted sample mean under a  model i n  which each 

measurement has t h e  same p o p u l a t i o n  mean and var iance,  and t h e  c o r r e l a -  

t i o n  between any two measurements i s  a  p o s i t i v e  cons tan t  r a i s e d  t o  a  

power which i s  t h e  abso lu te  d i f f e r e n c e  between measurement t imes.  Th i s  

model i s  t h e  f i r s t  o rde r  au to reg ress i ve  model o f t e n  used i n  t ime  s e r i e s  

a n a l y s i s .  

Our work i s  concerned w i t h  t h e  des ign  o f  such exper iments  when t h e  

sample mean i s  t o  be used as an e s t i m a t o r  o f  t h e  unknown comrnon popula-  

t i o n  mean. We f i r s t  examined designs which c o n s i s t  o f  a  number o f  

e q u a l l y  spaced observa t ions  p laced  th roughout  a  t i x e d  t i m e  i n t e r v a l .  

The p r ima ry  conc lus ion  o f  t h i s  work i s  t h a t  t h e r e  i s  an op t ima l  f i n i t e  

sample s i z e ;  if t h i s  sample s i z e  i s  exceeded, t h e  s tandard  e r r o r  of t h e  

e s t i m a t o r  a c t u a l  l y  increases.  

We a r e  now cons ide r i ng  t h e  ques t i on  o f  what spac ing o f  observa- 

t i o n s  i s  opt imal .  Given a  t i m e  i n t e r v a l ,  a  sample s i ze ,  and a  degree 

o f  c o r r e l a t i o n ,  we have c h a r a c t e r i z e d  t h e  op t ima l  des ign i n  t h e  sense 

o f  m in im i  z i n g  t h e  s tandard  e r r o r  of t h e  sample mean. I n  many app l i ca -  

t i o n s ,  t h e  degree o f  c o r r e l a t i o n  i s  unknown. However, our  r e s u l t s  



o f f e r  p r a c t i c a l  g u i d e l i n e s  t o  a i d  i n  des ign ing  s t u d i e s  even when on ly  a  

rough approx imat ion of t h e  c o r r e l a t i o n  i s  ava i  l ab1  e. 

RELATIVE RISK ESTIMATION USING POISSON REGRESSION MODELS 

Summarizing r e l a t i v e  r i s k  es t imates  across s t r a t a  o f  a  c o v a r i a t e  

i s  commonly dong i n  comparat ive epidemi 01 ogi  c  s t u d i e s  o f  i nc i dence  o r  

m o r t a l i t y .  A method f o r  summarizing r e l a t i v e  r i s k  us ing  p r e v i o u s l y  

developed Poisson r a t e  a n a l y s i s 6  has been desc r i bed  and i 1 l u s t r a t e d  

w i t h  examples o f  cancer i nc i dence  and m o r t a l i t y  data.7 Under c e r t a i n  

c o n d i t i o n s  Poisson regress ion  y i e l d s  summary es t ima to rs  t h a t  agreed 

c l o s e l y  w i t h  r e s u l t s  ob ta ined  by convent iona l  Mantel -Haenszel and r a t e  

s t a n d a r d i z a t i o n  methods. An advantage o f  Poisson reg ress ion  i s  i t s  

u t i l i t y  i n  model ing disease frequency, as demonstrated w i t h  examples o f  

n o n l i n e a r  models p r e d i c t e d  by t h e  mu1 t i - s t a g e  t heo ry  o f  carc inogenesis .  

MAXIMUM LIKELIHOOD ESTIMATION FOR CYTOGENETIC DOSE RESPONSE CURVES 

I n  v i t r o  dose-response curves a r e  used t o  desc r i be  t h e  r e l a t i o n  

between t h e  y i e l d  o f  d i  cent  r i  c  chromosome a b e r r a t i o n s  and r d d i  a t i  on 

dose f o r  human lymphocytes. The d i c e n t r i c  y i e l d s  f o l l o w  t h e  Poisson 

d i s t r i b u t i o n ,  and t h e  expected y i e l d  depends on bo th  t h e  magnitude and 

t h e  temporal  d i s t r i b u t i o n  o f  t h e  dose f o r  low LET r a d i a t i o n .  A genera l  

dose-response m n d ~ 1  that .  descr ibes  t h i s  r e l a t i o n  has been ob ta ined  by 

K e l l e r e r  and Rossi us i ng  t h e  t heo ry  o f  dual  r a d i a t i o n  a c t i o n .  The 

y i e l d  of elementary l e s i o n s  i s  g i ven  by ~ [ y d + g ( t , ~ ) d ~ ] ,  where t i s  t h e  

t i m e  and d  i s  dose. The c o e f f i c i e n t  o f  t h e  d2  term i s  determined by 

t h e  recovery f u n c t i o n  and t h e  temporal  model o f  i r r a d i a t i o n .  Two 

spec ia l  cases o f  p r a c t i c a l  i n t e r e s t  a r e  s p l i t - d o s e  and cont inuous 

exposure exper iments,  and t h e  r e s u l t i n g  models a r e  i n t r i n s i c a l  l y  non- 

l i n e a r  i n  t h e  parameters. A genera l  purpose maximum l i k e l i h o o d  e s t i -  

mat ion procedure has been developed and i l l u s t r a t e d  w i t h  numer ica l  

examples f rom both exper imenta l  designs.* Poisson reg ress ion  a n a l y s i s  

was used f o r  es t imat ion ,  hypo thes is  t e s t i n g ,  and r e g r e s s i o n  



d i a g n o s t i c s .  R e s u l t s  f r om  t h e  e s t i m a t i o n  procedure have been d iscussed  

i n  t h e  c o n t e x t  of exposure assessment procedures f o r  b o t h  acu te  and 

c h r o n i  c  human r a d i a t i o n  exposure. 
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4. COWUTATIONAL S T A T I S T I C S  

K. 0. Bowman M. D. M o r r i s  
G. J. ~ a v i s '  N. J. P r i c e  
E. L. Frome R. L. Schmoyer 
V. E. ~ a n e ~  L. R. shenton3 
T. J. M i t c h e l l  R. C. Ward 

COMPROMISE DESIGNS FOR ESTIMATION AND DETECTION OF LACK OF F I T  

Cur ren t  computer a l g o r i t h m s  f o r  des ign ing  exper iments  a r e  based on 

t h e  assumption t h a t  t h e  e x p e c t a t i o n  (TI) o f  t h e  response v a r i a b l e  ( y )  i s  

r e l a t e d  t o  p  des ign v a r i a b l e s  x  th rough  t h e  l i n e a r  model:  -. 

where B1 i s  a  k  l -vector  o f  unknown c o e f f i c i e n t s  and f l ( x )  i s  a  ... - " 

k l -vector  o f  known f u n c t i o n s  o f  x. The des ign  c r i t e r i o n  i s  u s u a l l y  a  .. 
f u n c t i o n  of t h e  klx k l  va r iance-covar iance  m a t r i x  of t h e  l e a s t  squares 

A 

e s t i m a t o r  B1. Such c r i t e r i a  f ocus  on p r e c i s e  e s t i m a t i o n  o f  g i ven  .., - - 
t h a t  t h e  model assumption (1 )  ho lds .  U n f o r t u n a t e l y ,  des igns t h a t  a r e  

op t ima l  w i t h  respec t  t o  these  c r i t e r i a  a r e  o f t e n  v i r t u a l l y  i ncapab le  o f  

assess ing t h e  adequacy o f  t h e  proposed model. Simi 1  a r l y  , a1 g o r i  thms 

t h a t  focus o n l y  on t h e  a b i l i t y  t o  d e t e c t  l a c k  o f  f i t  may n o t  produce 

des igns t h a t  a re  good f o r  e s t i m a t i n g  B1. - 
Du r i ng  t h e  pas t  year,  we have con t i nued  resea rch  i n t o  t h e  

c o n s t r u c t i o n  o f  "compromise des igns ," which a r e  good w i t h  r espec t  t o  

bo th  k i nds  o f  c r i t e r i a  ( p r e c i s e  e s t i m a t i o n  and d e t e c t i o n  o f  l a c k  o f  

f i t )  w i t h o u t  be ing  opt imal  w i t h  r espec t  t o  e i t h e r .  I n  o r d e r  t o  t a k e  

b e t t e r  advantage of e x i s t i n g  a l g o r i t h m s  f o r  c o n s t r u c t i n g  "0-opt imal  " 
designs, we have changed t h e  "p rec i se  e s t i m a t i o n "  c r i t e r i o n  f rom t h e  

A 

average var iance  o f  B ' f  -1- l (x )  - as r e p o r t e d  p rev i ous l y '  t o  t h e  de te rminan t  
n  

of M =  1 f ( x . ) f t ( x . ) ,  w h e r e x  i=1,2 ,..., n, a r e t h e n d e s i g n  po in t s .  ., - -1 -. -1 -i ' 
i = l  

The " l a c k  o f  f i t "  c r i t e r i o n  remains Cp, t h e  average o f  t h e  noncen- 

t r a l i t y  parameter f o r  t e s t i n g  t h e  l a c k - o f - f i t  o f  t h e  model (1). 

I t  i s  d e s i r a b l e  t o  choose des igns w i t h  l a r g e  C and M . We a 1 - 1  
r egard  a des ign  as i n a d m i s s i b l e  i f  t h e r e  e x i s t s  ano the r  des ign  w i t h  



c r i t e r i o n  va lues  C; and M * such t h a t  C; > Cg and M * > M w i t h  I  "I - 1 - 1  - 1 - 1  
s t r i c t  i n e q u a l i t y  f o r  a t  l e a s t  one c r i t e r i o n .  It can be shown t h a t  any 

des ign  t h a t  maximizes t h e  mixed c r i t e r i o n  

f o r  some a  i s  admiss ib le .  We a r e  c u r r e n t l y  m o d i f y i n g  t h e  a l g o r i t h m  

DETMAX, which was designed t o  produce D-optimal designs, t o  c o n s t r u c t  

des igns  t h a t  a r e  op t ima l  w i t h  respec t  t o  C(a).  Some p r e l i m i  n a r j  

r e s u l t s  have been ob ta ined  f o r  a  t e s t  case i n  which i t  i s  des i r ed  t o  
k  s e l e c t  a  f r a c t i o n  o f  a  2 f a c t o r i a l  des ign  f n r  p r e c i s e l y  e s t i m a t i n g  t h e  

main e f f e c t s  w h i l e  p r o v i d i n g  a  good t e s t  f o r  t h e  presence o f  

i n t e r a c t i o n s .  

Development of an a l t e r n a t i v e  a1 g o r i  thm, based on t h e  branch-and- 

bound approach of Welch, i s  a l s o  under way. Th is  w i l l  be a p p l i e d  t o  

t h e  mixed c r i t e r i o n  (2 )  and a l s o  t o  t h e  problem o f  gene ra t i ng  a l l  

a d m i s s i b l e  des igns f o r  a  g i ven  des ign problem. 

COWROMISE DESIGNS FOR FACTORIAL EXPERIMENTS 

M o r r i s  and M i t c h e l l  d iscussed a  des ign op t ima l  i t y  c r i t e r i o n ,  

t r ( L )  ... , f o r  s e l e c t i n g  exper imenta l  p l ans  which p r o v i d e  r e l a t i v e l y  

power fu l  t e s t s  f o r  l a c k  o f  f i t  i n  t h e  proposed model. I n  t h e  same 

r e p o r t ,  a  s t r a t e g y  f o r  c o n s t r u c t i n g  "compromise" des igns was 

descr ibed.  Th i s  i n v o l v e s  augmenting t r (L ) -op t ima 1  des igns w i t h  
" 

exper imenta l  runs which .maximize t h e  determi nant  o f  t h e  i n f o r m a t i o n  

m a t r i x  f o r  t h e  assumed model ( t h e  o b j e c t  o f  D-opt imal i t y ) .  These 

des igns  a r e  i n tended  t o  p r o v i d e  good p r o p e r t i e s  f ~ r  bo th  e s t i m a t i o n  a f  

parameters i n  t h e  assumed model and d e t e c t i n n  nf l a c k  o f  f i t .  

We have r e c e n t l y  cons t ruc ted  compromi se des igns f o r  two-1 eve1 

f a c t o r i a l  exper iments,  where t h e  f i r s t  o rde r  model i s  assumed. Designs 

which a r e  t r ( L ) - o p t i m a l  - f o r  d e t e c t i n g  l a c k  o f  f i t  due t o  t w o - f a c t o r  

i n t e r a c t i o n s  were augmented u s i n g  t h e  computer program DETMAX. 

Designs were cons t ruc ted  f o r  k  = 3 t h rough  9, and n  = k + 2  th rough 

2k + 1, where k  i s  t h e  number o f  f a c t o r s  and n  i s  t h e  number o f  



exper imenta l  runs. These des igns w i  11 be ca ta l oged  i n  an ORNL 

t e c h n i c a l  r e p o r t  t o  be pub l i shed  l a t e r  t h i s  year .  

MINIMUM S IZE  OF SEARCH DESIGNS 

s r i v a s t a v a 7  d e f i n e d  search 1  i near  models and des igns,  a  s p e c i a l  

case o f  which i s  desc r i bed  as f o l l o w s :  

Le t  E(y) = A ... B y  .-. V({) = u2 I 

where y i s  an n-element v e c t o r  of observa t ions ,  A i s  a  m a t r i x  o f  known ... ... 
cons tan ts  determined by an exper imenta l  design, a2 i s  t h e  known o r  

unknown va r i ance  o f  each observa t ion ,  and B  i s  a  p-element v e c t o r  o f  .-. 
unknown parameters.  We know t h a t  a t  most k  elements o f  B  a r e  nonzero,  ... 
bu t  do n o t  know which elements t hese  are.  The r e q u i r e d  search des ign  

must a l l o w  f o r  s imul taneous e s t i m a t i o n  o f  any k .e l emen ts  o f  B. ... 
S r i  vastava showed t h a t  a  necessary and s u f f i c i e n t  c o n d i t i o n  f o r  t h i s  

e s t i m a t i o n  p r o p e r t y  i s  t h a t  every  2k columns f rom A be l i n e a r l y  ". 
independent.  

We have shown t h a t  when a l l  e lements o f  A a r e  +1 o r  -1 (as  

w i t h  t w o - l e v e l  f a c t o r i a l  exper iments ) ,  t h e  nuinber o f  runs i n  t h e  

exper imenta l  des ign  (rows of A) - must be a t  l e a s t  2k + l og2 (p / ( 2k -1 ) ) - 1 .  

Th i s  bound i s  l a r g e r  and, hence, more i n f o r m a t i v e  t h a n  S r i v a s t a v a ' s  

bound o f  2k when p  i s  l a r g e  r e l a t i v e  t o  k . .  

A GRAPHICAL INTERPRETATION OF STEIN 'S  PHENOMENON 

Cvti~puter g raph ics  i s  a  d r a m a t i c a l l y  burgeoniny ne\q i n f o r m a t i o n  

medium. Two- and th ree-d imens iona l  g r a p h i c a l  d i s p l a y s  o f  p h y s i c a l  and 

mathemat ica l  phenomena now p r o v i d e  i n s i y h t s  t h a t  were p r e v i o u s l y  n o t  

r e a d i l y  obtained. I n  t h e  p resen t  app l  i c a t i o n Y 8  computer g rdph i cs  a r e  

used t o  i n t e r p r e t  a  phenomenon, f i r s t  p o i n t e d  out  by S te i n ,g  t h a t  t h e  

usual  minimum va r i ance  unbiased (MVU) e s t i m a t o r s  o f  t h r e e  o r  inore 

m u l t i v a r i a t e  normal means a re  dominated i n  terms o f  mean squared e s t i -  

mators  by c e r t a i n  b iased  " s h r i n k i n g "  es t ima to r s .  Th i s  short ,co~ni  nq of 

MVU es t ima to r s ,  a long  w i t h  t h e  f a c t  t h a t  i t  occurs i n  t h r e e  o r  more, 



b u t  n o t  one or  two, d imensions i s  pe rp l ex i ng .  The t h e o r e t i c a l  argu-  

ments s u p p o r t i n g  i t  do n o t  p r o v i d e  much i n t u i t i v e  i n s i g h t  i n t o  why i t  

occurs.  

A f t e r  a  s imp le  r e d u c t i o n  t o  a  canon ica l  problem, t h e  way t h a t  

s h r i n k i n g  e s t i m a t o r s  ope ra te  has 'been revea led  i n  th ree-d imens iona l  

p l o t s .  T h e i r  e f f e c t  has Seen shown t o  be d e t r i m e n t a l  a1 ong e x a c t l y  one 

c o o r d i n a t e  d i  r e c t i o n ,  b u t  p o s i t i v e  i n  t h e  o t h e r  c o o r d i n a t e  d i  r ec t i ons .  

F u r t h e r ,  these  i n f e r e n c e s  d i d  no t  depend on t h e  dimension. Thus, i t  

was de:noristrated t h a t  as t h e  dimension inc reases  f r om one, t h e  o v e r a l l  

b e n e f i t  o f  s h r i n k i n g  inc reases ;  and as t h e  dimension changes f r o n ~  two 

t o  t h ree ,  i t  beco~nes p o s i t i v e .  

MAXIMUM LIKELIHOOD ESTIMATOR OF GAMMA DISTRIBUTION 

A new computer ,a lgo r i thm f o r  t h e  f a s t  e v a l u a t i o n  o f  t h e  maximum 

1  i k e l  i hood e s t i ~ n a t o r s  o f  t h e  two-parameter gamma d e n s i t y  was developed 

and documented. lo The method a l s o  lends  i t s e l f  w e l l  t o  t h e  assessment 

of t h e  h i g h e r  :nornents of t h e  e s t i m a t o r s  of t h e  shape and s c a l e  

parameters  and t h e i r  d i s t r i b u t i o n s .  

COMPUTATION OF THE POLYGAMMA FUNCTlONS 

The p s i  (digamma) and polygamma f u n c t i o n s  a re  o f t e n  used i n  

c o n j u n c t i o n  w i t h  problems r e l a t i n g  t o  t h e  gamma p r o b a b i l i t y  den- 

~ i t y . ' ~ , ~ ~  P r e v i o u s l y  a v a i l a b l e  programs """or comput ing t hese  

f u n c t i o n s  a r e  inadequa te  i n  some s i t u a t i o n s .  We have developed and 

documented a  more genera l  program f o r  t h i s  purpose. 

COWUTERIZED FAA D I  BRUNO'S FORWLA 

L e t  z = G(y) and y  = f ( x )  be two  f u n c t i o n s  such t h a t  a l l  

d e r i v a t i v e s  o f  G(y)  and f ( x )  up t o  o r d e r  n  e x i s t .  The usua l  f o rmu la  

f o r  t h e  n t h  d e r i v a t i v e  i s  g i ven  by ~ a a  d i  Bruno as 



where 

and t h e  summation i s  over a l l  p a r t i t i o n s  o f  n  such t h a t  

p 1  + p 2  + ... + ph = m , 

plkl + p 2 k 2 +  ... + phkh = n  . 
We now have a new n o t a t i o n a l  approach which enables t h e  fo rmu la  t o  be 

computed a v o i d i n g  t h e  usual  combi n a t o r i a l  summati on. 

The a l g o r i t h m  can be used i n  t h e  d e r i v a t i o n  o f  e x p l i c i t  fo rmu las  

f o r  t h e  cumulants o f  a  p r o b a b i l i t y  d i s t r i b u t i o n  i n  terms o f  i t s  moments 

and v i c e  versa. It i s  a l s o  u s e f u l  i n  t h e  a p p l i c a t i o n  o f  T a y l o r  expan- 

s i o n  methods t o  t h e  approx imat ion of t h e  d i s t r i b u t i o n s  o f  sample s t a -  

t i s t i c s ,  p a r t i c u l a r l y  f o r  t h e  Gamma and Wei b u l l  d i s t r i b u t i o n s .  

AN ALGORITHM FOR LINEAR DEPENDENCY ANALYSIS 

A FORTRAW code has been devel  oped f o r  p e r f  ormi ng L i  near  Dependency 

~ n a l ~ s i s l ~  (LDA) on m u l t i v a r i a t e  data. LDA p rov i des  a  procedure f o r  

assess ing t h e  number of dependencies i n  t h e  da ta  and f o r  comput ing com- 

p e t i n g  dependency s t r u c t u r e s .  Many o f  t h e  d isadvantages o f  u s i n g  t h e  

c l a s s i c a l  approaches, such as  p r i n c i p a l  component a n a l y s i s  and f a e t o r  

ana l ys i s ,  t o  s tudy dependencies a r e  e l i m i n a t e d  i n  t h e  LDA approach. 

I n i t i a l  t e s t i n g  has i n d i c a t e d  t h a t  LDA can p r o v i d e  da ta  a n a l y s t s  w i t h  a  

power fu l  t o o l  i n  assess ing mu1 t i v a r i a t e  dependencies. 

The p o r t a b l e  code uses o n l y  s tab1 e o r thogona l  t rans fo rma t i  ons 

th roughou t  t h e  a l g o r i t h m 1 5  and r e l i e s  heav i  l y  on t h e  known s t r u c t u r e  o f  

t h e  covar iance  m a t r i x  o f  v a r i a b l e s  c o n t a i n i n g  1  i n e a r  dependencies. 

Competing dependencies a re  assessed by exami n i n g  a1 1  p o s s i b l e  subsets  

o f  p r e d i c t o r  and es t imated  v a r i a b l e s  and e l i m i n a t i n g  computat ion,  when 

poss ib l e ,  v i a  a  sequen t i a l  d e l e t i o n  process. 



It should be emphasized t h a t  t h e  LDA procedure i s  n o t  genera l  l y  

i n t ended  t o  be a  s i ng le -pass  ana l ys i s .  The code has d i f f e r e n t  i n p u t  

and o u t p u t  o p t i o n s  a l l o w i n g  t h e  user  t o  s e l e c t  those  t h a t  a r e  appro- 

p r i a t e  f o r  a  p a r t i c u l a r  s tage  o f  a n a l y s i s  o r  s t a t e  o f  p r i o r  knowledge. 
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5. MATERIALS SCIENCE APPLICATIONS 

S.-J. changl S. M. 0h r2  

INCLINED PILEUP OF SCREW DISLOCATIONS AT THE CRACK TIP 

1. Wi thou t  a  D i s l o c a t i o n  Free Zone. I n c l i n e d  p i l e u p  o f  d i s l o c a -  

t i o n s  has been observed f r e q u e n t l y  i n  a  t r a n s m i s s i o n  e l e c t r o n  mic ro -  

scope. 3'  I t s  e f f e c t  on t h e  f r a c t u r e  o f  meta l  has been t h e  o b j e c t  o f  

ou r  s tudy,  The phenomenon o f  i n c l i n e d  p i l e u p .  i s  modeled by a  c o n t i n -  

uous d i s t r i b u t i o n  o f  screw d i s l o c a t i o n s  i n  t h e  p i l e u p  reqion. By con- 

s i d e r i n g  t h e  f o r c e  ba lance a t  each d i s l o c a t i o n  due t o  t h e  a p p l i e d  

f o r c e ,  t h e  f r i c t i o n  f o r ce ,  and t h e  f o r c e s  due t o  o t h e r  d i s l o c a t i o n s ,  

a  s i n g u l a r  i n t e g r a l  equa t i on  can be e s t a b l i s h e d  f o r  t h e  d i s t r i b u t i o n  

f u n c t i o n  o f  t h e  screw d i s l o c a t i o n s .  T h i s  i n t e g r a l  equa t i on  has been 

s o l v e d  by t h e  Wiener-Hopf t echn ique  a p p l i e d  t o  t h e  Me1 l i n  t r ans fo rm  of 

t h e  equa t ion ,  and an a n a l y t i c a l  express ion  f o r  t h e  d i s t r i b u t i o n  func-  

t i o n  i s  the reby  obta ined.  From t h i s  s o l u t i o n  we have d e r i v e d  a  s imp le  

form f o r  t h e  c o n d i t i o n  of f i n i t e  s t r e s s  a t  t h e  end o f  t h e  . p i l e u p  zone, 

sometimes r e t e r r e d  t o  as t h e  BCS o r  Uugdale c o n d i t i o n ,  and f o r  t h e  

t o t a l  number o f  d i s l o c a t i o n s  under t h e  r e s t r i c t i o n  of t h i s  cond i t i on .  

Numerical  r e s u l t s  f rom these  two express ions  imp l y  t h a t  t h e  energy 

r e q u i  r e d  t o  genera te  an 'i n c l  i ned p i  1  eup o f  screw d i  s l  oca t  i ons does n o t  

va r y  s i g n i f i c a n t l y  f o r  Q i n  t h e  range - n/3  < Q < a, where Q i s  t h e  

a n g l e  o f  i n c l i n a t i o n  frorn t h e  p l ane  o f  t h e  crack.  T h i s  r e s u l t  i s  

c o n s i s t e n t  w i t h  observa t ions .  

2. Wi th  a  D i s l o c a t i o n  Free Zone. The i n c l i n e d  p i l e u p  o f  d i s l o c a -  

t i o n $  a t  t h e  c rack  t i p  as observed i n  t h e  t r ansm iss i on  e l e c t r o n  mic ro -  

scope f r e q u e n t l y  shows a  d i s l o c a t i o n  f r e e  zone (DFZ) l o c a t e d  between 

t h e  c rack  t i p  and t h e  r e g i o n  o f  t h e  p i l e u p .  L i n e a r  p i l e u p  of screw 

d i s l o c a t i o n s  f o r  t h i s  case i s  modeled by an i n t e g r a l  equa t i on  s i ~ n i  l a r  

t o  t h a t  f o r  t h e  problem w i t h o u t  a  d i s l o c a t i o n  f r e e  zone. The i n t e g r a l  

e q u a t i o n  has been so l ved  by t h e  extended Wiener-Hopf technique,  a  

g e n e r a l i z a t i o n  o f  t h e  Wiener-Hopf technique.  The s t r e s s  d i s t r i b u t i o n s  
I 



w i t h i n  t h e  DFZ and i n  t h e  r eg ion  o u t s i d e  t h e  p l a s t i c  zone a r e  ob ta i ned  

i n  a n a l y t i c a l  forms. From t h i s  s o l u t i o n  we d e r i v e  express ions  f o r  t h e  

c o n d i t i o n  o f  f i n i t e  s t r e s s  a t  t h e  end o f  t h e  p l a s t i c  zone, r e f e r r e d  t o  

as t h e  DFZ c o n d i t i o n ,  and f o r  t h e  t o t a l  number o f  d i s l o c a t i o n s .  Both 

o f  these  r e s u l t s  a r e  g e n e r a l i z a t i o n s  o f  t h e  BCS case i n  t h a t  t h e y  

reduce t o  t h e  cor responding r e s u l t  f o r  t h e  BCS case as t h e  l e n g t h  o f  

t h e  d i s l o c a t i o n  f r e e  zone goes t o  zero. Numerical  r e s u l t s  i n d i c a t e  

t h a t  t h e  t r u e  s t r e s s  i n t e n s i t y  f a c t o r  i s  approxirna'tely a f u n c t i o n  o f  

t h e  l e n g t h  o f  t h e  DFZ and i s  n o t  s e n s i t i v e  t o  t h e  magnitude o f  t h e  

ang le  o f  i n c l i n a t i o n .  The p l a s t i c  zone s i z e  does no t .  va r y  

s i g n i f i c a n t l y  f o r  41 i n  t h e  range - 1 ~ 1 3  < $ < n/3 .  
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6. NUMERICAL LINEAR ALGEBRA 
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SPARSE LEAST SQUARES PROBLEMS 

Development con t inued  on a lgo r i t hms  f o r  s o l v i n g  sparse l e a s t  

squares prob'lcms, B u i l d i n g  on p r c v i o u s l y  developed capabi 1 i t i e s ,  3 ' 4  

r ecen t  emphasis has been on inc reased  g e n e r a l i t y  i n  upda t i ng  schemes 

and on c o n d i t i o n  number es t ima t i on .  I n  a d d i t i o n  t o  s o l v i n g  l e a s t  

squares problems by QR f a c t o r i  z a t i  on, new a1 g o r i  thms have been devel -  

oped f o r  s o l v i n g  underdetermi  ned 1  i near  systems by LQ f a c t o r i z a t i o n .  

T h i s  approach has been genera l  i zed t o  cope w i t h  underdetermi ned systems 

which a r e  rank d e f i c i e n t ,  i n c o n s i s t e n t ,  o r  r e q u i r e  updat ing.  A genera l  

survey o f  methods f o r  sparse 1  eas t  squares problems was prepared f o r  

p r e s e n t a t i o n  a t  t h e  1982 Sparse M a t r i x  Symposium. 5 

THE FORCE METHOD FOR STRUCTURAL ANALYSIS 

H i s t o r i c a l l y  t h e r e  a r e  two p r i n c i p a l  methods o f  m a t r i x  s t r u c t u r a l  

a n a l y s i s ,  t h e  d isp lacement  ( o r  s t i f f n e s s )  method and t h e  f o r c e  ( o r  

f l e x i b i l i t y )  method. I n  r ecen t  t imes t h e  f o r c e  method has been used 

r e l a t i v e l y  1  i t t l e  because t h e  d i  sp lace~nent  method has 'been deemed 

e a s i e r  t o  implement on d i g i t a l  computers, espec ia l  l y  f o r  l a r g e  sparse 

systems. The f o r c e  method has t h e o r e t i c a l  advantages, however, f o r  

mu1 t i  p l e  redes ign  problems o r  n o n l i n e a r  e l a s t i c  a n a l y s i s  because i t  

a l l o w s  t h e  s o l u t i o n  of m o d i f i e d  problems w i t h o u t  r e s t a r t i n g  t h e  compu- 

t a t i o n  f r om t h e  beginn ing.  An implementat ion o f  t h e  f o r c e  method has 

been devel  oped which i s  numer ica l  l y  s tab1 e  and preserves s p a r s i t y .  6 

Al though i t  i s  mo t i va ted  by e a r l i e r  e l i m i n a t i o n  schemes, i n  our 

approach each o f  t h e  two main phases o f  t h e  f o r c e  method i s  c a r r i e d  ou t  



us ing  o r thogona l  f a c t o r i z a t i o n  techn iques  r e c e n t l y  developed f o r  l i n e a r  , 

1  eas t  squares p r o b l  ems. 

SPARSE MATRIX SOFTWARE CATALOG 

I n  o r d e r  t o  p rov i de  a  c e n t r a l  c l ea r i nghouse  o f  i n f o r m a t i o n  on 

research  i n  sparse m a t r i x  computat ions,  a  sparse m a t r i x  s o f t w a r e  

c a t a l o g  was prepared f o r  d i s t r i b u t i o n  a t  t h e  Sparse M a t r i x  Symposium 

h e l d  on October 24-27, 1982, i n  F a i r f i e l d  Glade, Tennessee. Most major  

areas o f  sparse m a t r i x  computat i  o r ~ s  a r e  represen ted  i n t h e  c a t a l  og, 

i n c l u d i n g  ope ra t i ons  on sparse m a t r i  ces, systems of 1 i n e a r  equa t ions ,  

l e a s t  squares, e igenvalues,  opt i rn i  z a t i  on, o r d i n a r y  and p a r t i a l  d i f f e r -  

e n t i a l  equat ions,  and s e l e c t e d  appl  i ca t i ons .  For  each s o f t w a r e  pack- 

age, t h e  c a t a l o g  con ta i ns  i n f o r m a t i o n  on t h e  problem domain t o  which 

t h e  so f twa re  i s  app l i cab le ,  method o f  s o l u t i o n ,  language and p o r t -  

a b i l i t y  d e t a i l s ,  re fe rences  t o  documentat ion,  and a  c o n t a c t  f o r  f u r t h e r  

i n f o r m a t i o n  o r  a c q u i r i n g  t h e  sof tware.  The c o l l e c t i n g ,  c o l  l a t i n g ,  and 

r e p o r t i n g  o f  t h i s  i n f o r m a t i o n  were accompl ished by means of a  form 

which was c i r c u l a t e d  among researchers  i n  t h i s  f i e l d .  

COMPUTATIONAL METHODS FOR SINGULAR IRREDUCIBLE M-MATRICES 

Markov queuing networks g i v e  r i s e  t o  ve ry  l a r g e ,  sparse, i r reduc-  
- 

i ble,  sSrsyu1 dr. (zer-o cvlumn sums) M-maerl ces A. Ihe  s t a t i o n a r y  proba- 

b i l i t y  d i s t r i b u t i o n  vec to r  i s  t h e  s o l u t i o n  t o  a  homogeneous system o f  

1  i n e a r  equa t ions  Ax=O. C e r t a i n  economi c, pet ro leum r e s e r v o i  r, compart- 

menta l ,  and d i ' s c re te  Neumann problems g i v e  r i s e  t o  r e1  a t e d  systems. 

The s p l i t t i n g  A = M - N w i t h  t h e  m a t r i x  M hav ing  symmetr ic z e r o  s t r u c -  

t u r e  has been shown t o  be a  r e g u l a r  s p l i t t i n g . 7  A sparse LU f a c t o r i z a -  

t i o n  u.T d s y m ~ r ~ e t r i c  permuta t ion  o f  M can be ob ta i ned  u s i n g  a  s t anda rd  

symmetric o r d e r i n g  such as minimum degree, and p i v o t i n g  f o r  s t a b i  1  i t y  

i s  unnecessary. S p l i t t i n g  s t r a t e g i e s  i n c l u d i n g  t hose  t h a t  have t h e  

l a r g e r  elements o f  A i n  M have been compared. S e n s i t i v i t y  of t h e  s o l u -  

t i o n  v e c t o r  x i s  be ing  s tud ied ,  and upda t i ng  methods f o r  t hese  s.ySt@~ils 

a re  be ing  i n v e s t i g a t e d .  
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7, R I S K  ANALYSIS 

D.  owni in^' R. p i z i a k 3  W. K U O ~  V. R. R. Uppu lu r i  

MAN AND MACHINE: PROBABIL IST IC  LEARNING MODELS 

P a r v i n  and  ramm mas^ developed a  l e a r n i n g  model which has man and 

machine as i n p u t  f a c t o r s  i n  a  l e a r n i n g  process. They p resen ted  a  

mathematical  model i n  which t hey  assumed t h e  p r o b a b i l i t y  t h a t  a  machine 

ope ra to r  makes an er , ror  changes f r om t r i a l  t o  t r i a l .  I n  p a r t i c u l a r ,  

t h e  p r o b a b i l i t y  t h a t  t h e  person makes an e r r o r  a t  t h e  nth t r i a l  was 

assumed t o  be l / ( n + l ) .  They s t u d i e d  t h e  random v a r i a b l e  S, t h e  number 

o f  e r r o r s  made i n  a  f i x e d  number o f  t r i a l s ,  and gave an express ion  f o r  

t h e  mean va lue  o f  S. These r e s u l t s  were extended t o  l e a r n i n g  models 

w i t h  a r b i t r a r y  cho ice  o f  p r o b a b i l i t i e s  f r om  t r i a l  t o  t r i a l .  A t  t h i s  

l e v e l  of g e n e r a l i t y ,  express ions  were ob ta i ned  f o r  t h e  mean and 

var iance  o f  S  and some d i s t r i b u t i o n a l  p r o p e r t i e s  o f  S  were a l s o  

der ived.  The p r o b a b i l i t y  d i s t r i b u t i o n  o f  S  was shown t o  s a t i s f y  a  

r e c u r s i v e  r e l a t i o n  which l e d  t o  i n t e r e s t i n g  connec t ions  w i t h  r e s u l t s  

found i n  combi n a t o r i a l  t heo ry .  

Consider a sequence o f  independent Be rnou l l  i t r i a l s  

{x,, : ~=1,2,.. .  }, where X,=1 denotes a  success and Xn=O denotes a  

f d i  l u r e .  I n  t h e  con tex t  o f  t h e  l e a r n i n g  model pn denotes t h e  proba- 

h i  l i t y  t h a t  no e r r o r  i s  made on t h e  n t h  execu t i on  o f  t h e  t ask ,  and 

pn = P [ xn= l  ] = 1-4, = 1-P [xn=0] . ( 1  

L e t  Sn denote t h e  number of "successes" ( i . .  , t h e  number o f  e r r o r - f r e e  

e x e c ~ ~ t i o n s  o f  t h e  t a s k )  i n  t h e  f i r s t  n  t r i a l s .  It i s  w e l l  known t h a t  

t h e  mean and va r i ance .  o f  Sn a re  g i ven  by 

and Var(Sn) = p l q l  +...+ Pnqn ( 3  

I n  genera l ,  i t  i s  no t  p o s s i b l e  t o  g i v e  an express ion  f o r  t h e  

probability d e n s i t y  f u n c t i o n  f a r  S,,, denoted by P [ s , , = ~ ]  for 



k  = 0, 1, 2...,n. However, t h e  f o l l o w i n g  r e c u r s i v e  r e l a t i o n  can e a s i l y  

be v e r i f i e d :  

P [ ~ , + ~ = k ]  = qn+l P [sn=k] + pn+l P [Sn=k-11. (4 )  

L e t  

and t h e  "odds r a t i o "  

13, = pn/qn ( 6 )  

The recurs5 ve re1 a t 1  on ( 4 )  becomes 

R(nt1 ,k)  = R(n,k) t Anti R ( n , k - 1 )  ( 7  

w i t h  t h e  boundary c o n d i t i o n s  

R(n,O) = 1 

R(n,n) = B~$~...B,,. 

Us ing  t h e  odds r a t i o s ,  one can c o n s t r u c t  a  t a b l e  o f  va lues o f  

R(n,k) based on (7) .  More i n t e r e s t i n g l y ,  g iven  a  sequence o f  odds 

r a t i o s  {B, } and t h e  r e c u r s i o n  ( 7 ) ,  one can c o n s t r u c t  a  genera l  l e a r n i n g  

model by t a k i n g  

The s p e c i a l  case pi = i / ( i + l )  and qi = l / ( i t l )  g i ves  t h e  model con- 

s i d e r e d  by P a r v i n  and   ram mas.' For  t h i s  case $, = n  and (7 )  becomes 

K(n+l,k)  = K(n,k) + ( n + l )  R(n,k-1) (10) 

which i s  t h e  r e c u r s i o n  s a t i s f i e d  by S t i  r l i n g  Numbers o f  t h e  F i r s t  Kind. 

F u r t h e r  d e t a i l s  may be found i n  a  fo r thcoming  paper. 5 

PROPAGATION OF UNCERTAINTIES 
. - 

I n  t h e  con tex t  o f  p ropagat ion  o f  u n c e r t a i n t i e s  i n  a  system, 

x 1,x 2,. . . ,X a r e  cons idered  t o  be t h e  i n p u t  v a r i a b l e s  c h a r a c t e r i z i n g  n  
t h e  components of a  system. The o u t p u t  v a r i a b l e  y = f(xl,x2, ..., xn)  

may be d e f i n e d  by a  computer a l g o r i t h m  as opposed t o  an a n a l y t i c a l  
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expression. The problem o f  t h e  p ropaga t i on  o f  u n c e r t a i n t i e s  i s  t h e  

problem o f  f i n d i n g  t h e  u n c e r t a i n t y  i n  t h e  ou tpu t  v a r i a b l e  f o r  g i v e n  

u n c e r t a i n t i e s  i n  t h e  i n p u t  va r i ab l es .  

The method01 ogy f o r  p e r f  ormi ng an u n c e r t a i  n t y  a n a l y s i  s i n compl i - 
ca ted  systems i s  s t i l l  under development. Many o f  t h e  methods i n  use 

today  a re  based on computer codes and have been used s u c c e s s f u l l y  i n  

r a d i a t i o n  pathway problems, p robab i  1 i s t i  c r i s k  assessment, n u c l e a r  

s a f e t y ,  and r e l a t e d  areas. Impor tan t  c o n t r i b u t i o n s  have been made i n  

t h e  f o l l o w i n g  t o p i c s :  ( 1 )  sc reen ing  o f  v a r i a b l e s  by u s i n g  methods such 

as a d j o i n t  techniques;  (2 )  f i n d i n g  approx imat iny  f u n c t i o n s  f o r  t h e  ou t -  

p u t  by us i ng  t h e  techn iques  o f  response su r f ace  methodology; (3 )  f i n d -  

i n g  t h e  d i s t r i b u t i o n a l  p r o p e r t i e s  o f  t h i s  approx imat iny  f u n c t i o n  e i t h e r  

e x a c t l y  o r  by u s i n g  Monte C a r l o  o r  L a t i n  hypercube sampl ing methods; 

and ( 4 )  aggrega t ing  these aspects  i n  a p p l i c a t i o n s .  P i t f a l l s  i n  t h e  

above procedures have been i d e n t i f i e d  and d i  scussed i n r e v i  ew 
6, '7 papers. 
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DIESEL FUEL AEROSOLS 

R e s u l t s  frorn "Phase 11",  an i n c o m p l e t e  b l o c k  exper imen t  t o  assess 

t h e  e f f e c t  o f  d i e s e l  f u e l  a e r o s o l  "smoke" screens on r a t s ,  have been 

analyzed. F a c t o r s ,  dose (0, 8, o r  12  m g - h r / l i t e r ) ,  t i m e  o f  exposure ( 2  

or  6 h o u r s ) ,  and f requency ( 1  t i ine/week f o r  9 weeks o r  3 t i m e s  p e r  week 

f o r  3 weeks) were, f o r  l o g i s t i c a l  reasons,  n e c e s s a r i  l y  confounded i n t o  

t h r e e  b l o c k s  o f  f o u r  runs each. The d e s i g n  o f  t h e  exper imen t  a d m i t t e d  

unb iased  e s t i m a t i o n  o f  main and second-order  e f f e c t s ,  S i g n i f i c a n t  and 

i m p o r t a n t  changes w i t h  dose were seen i n  body w e i g h t s  and i n  t h e  amount 

and t y p e s  of pulmonary f r e e  c e l l s .  

The Phase I 1  exper iment  se rved  as a p i l o t  s t u d y  f o r  Phase 111, a 

25-week exper imen t  run  w i t h  27 exposures a t  doses 0, .25, .75, and 1.5 

r u g - h r / l i t e r .  The 27 exposures were g i v e n  d u r i n g  t h e  f i r s t  14 weeks, 

w i t h  t h e  r e m a i n i n g  t i m e  used t o  assess recovery .  Endpo in ts  i n c l u d e d  

body we igh ts ,  food consumption, pulmonary f r e e  c e l l s ,  t i s s u e  we igh ts ,  



pulmonary f u n c t i o n s ,  s t a r t l e  r e f l e x ,  and a  b a t t e r y  o f  c l i n i c a l  chem- 

i s t r y  t e s t s .  Each o f  t h e  f o u r  dose groups, i n c l u d i n g  t h e  dose-0 

c o n t r o l s ,  were 1  oaded i n t o  aeroso l  chambers t o  r e c e i v e  t h e  t reatments .  

To assess t h e  e f f e c t  o f  l oad ing ,  an unloaded c o n t r o l  group was a l s o  

i n c l u d e d  f o r  many endpoints ,  

The da ta  f rom Phase 111 a r e  now be ing  analyzed. Since Phase I 1 1  

rep resen ts  exposures b o t h  more c h r o n i c  and a t  l owe r  doses t han  those  i n  

Phase 11, observed e f f e c t s  a r e  l i k e l y  t o  be more sub t l e .  Nevertheless, 

t h e  t r ea tmen t  dppears t o  have a  c l e a r  e f f e c t  on severa l  endpoints ,  

e s p e c i a l  l y  budy w i g h t s .  

BINDING OF MONOCLONAL ANTIBODY TO TUMOR CELLS 

Monoclonal a n t i  bodies a r e  used f o r  immunoassays and r a d i  oimaying o f  

p r i m a r y  and m e t a s t a t i c  tumors. These f u n c t i o n s  r e q u i r e  e f f i c i e n t  b ind-  

i n g  o f  an t i body  t o  c e l l  su r f ace  an t igen .  To assay f o r  d i r e c t  b i n d i n g  

o f  r a d i o l a b e l e d  an t i body  t o  v i a b l e  c e l l s ,  an t ibody  d i l u t e d  i n  growth 

medium was i n r ~ ~ h a t e d  w i t h  tumor c e l l s .  I n  each exper iment a  s e r i e s  o f  

success ive  i n c u b a t i o n s  was performed and t h e  amount o f  an t ibody  bound 

i n  each in r l l ha f . lnn  wds r-e~ol>ded. I f  t h c  (unknown) f rac. t . inn 6 o f  a n t i -  

body bound i s  t h e  same f o r  each i ncuba t i on ,  t hen  i t  can be st~uwr'~ t h a t  

Y = Rn [Ab bound] = X Rn (1-8)  + Rn [n8/ (1-8) ]  

where X i s  t h e  i n c u b a t i o n  number and n  i s  t h e  (unknown) t o t a l  a c t i v e  

a n t i  body. Th is  model was f i t t e d  t o  t h e  da ta  as a  l i n e a r  reyr -ess ion of 

Y vs X ;  e s t ima tes  o f  n  and 8  were t h e n  der ' lved f r - u ~ ~ ~  t h e  est lmcl tes u l  

t h e  s l ope  and i n t e r c e p t  o f  t h e  reg ress ion  I l n e .  

RELATIVE UIULOGICAL E F F I C I  EMCV (RDE) OF F l  SSION NEUTRONS 
AT LOW DOSES FOR L I F E  SHORTENING I N  MICE 

We have analyzed r e c e n t l y  pub l i shed  da ta  on t h e  e f f e c t s  o f  low 

doses of f i s s i o n  neu t rons  on t h e  mean s u r v i v a l  t imes  of mice. The 

a n a l y s i s  f o r  s i n g l e  dose.exposures was con f i ned  t o  doses o f  20 rad  o r  

l ess ,  whi l e  f o r  f r a c t i o n a t e d  exposures on ly  t o t a l  doses o f  80 r a d  o r  

l e s s  were considered. We used t h e  we1 1  known power f u n c t i o n  model, 



X l i f e  sho r ten ing  = BD where D i s  t h e  r a d i a t i o n  dose, t o  f i t  t h e  s i n g l e  

exposure data. Under t h e  assumption t h a t  t h e  l i f e  sho r ten ing  e f f e c t s  

f rom each o f  a  s e r i e s  o f  exposures a r e  a d d i t i v e ,  t h e  expected l i f e  

sho r ten ing  f o r  f r a c t i o n a t e d  exposures i s  then  B ~ ~ n l - ~ ,  where n  i s  t h e  

number o f  f r a c t i o n s .  By comparing t h e  observed 1  i f e  sho r ten ing  f o r  t h e  

f r a c t i o n a t e d  exposures w i t h  t h a t  p r e d i c t e d  us ing  t h e  va lues o f  6 and 

X es t imated  f rom t h e  s i n g l e  exposures, we were a b l e  t o  show t h a t  a t  low 

doses pe r  f r a c t i o n ,  e i t h e r  1) t h e  e f f e c t s  a r e  n o t  a d d i t i v e  o r  

2) X > 0.9. Ana l ys i s  o f  t h e  da ta  f o r  gamma rays  showed t h a t  an 

exponent o f  1.0 gave an accep tab le  f i t .  Taken t oge the r ,  these f i n d i n g s  

i n d i c a t e  t h a t  t h e  RBE f o r  neut rons cannot change more r a p i d l y  w i t h  
0  1 neu t ron  dose than  about RBEN 5 k/DN ' , where k depends on s t r a i n  and 

sex. Th i s  c o n f l i c t s  w i t h  t h e  more w ide l y  accepted r e l a t i o n s h i p ,  
0.5 RBEN z k/DN . 

CELL TRANSPLANTATION BIOASSAY 

I n  a  c e l l  t r a n s p l a n t a t i o n  assay exper iment,  conducted i n  t h e  B i o l -  

ogy D i v i s i o n  of ORNL, c e l l s  a re  i n j e c t e d  i n t o  h o s t  mice a t  two s i t e s  

pe r  mouse. The number o f  s i t e s  g i v i n g  r i s e  t o  co lon ies  a f t e r  i n j e c t i o n  

o f  i r r a d i a t e d  c e l l s  r e l a t i v e  t o  t h a t  a f t e r  i n j e c t i o n  o f  noni  r r a d i a t e d  

c o n t r o l  c e l l s  i s  a  measure o f  t h e  v i a b i l i t y  o f  t h e  i r r a d i a t e d  c e l l s .  

As repo r ted  p r e v i  ously5, a  s t a t i s t i c a l  procedure was developed t o  e s t i -  

mate t h e  DS0, i .e., t h e  c e l l  dose which g ives  r i s e  t o  co lon ies  a t  50% 

o f  t h e  s i t e s ,  f o r  i r r a d i a t e d  c e l l s  r e l a t i v e  t o  t h e  D50 f o r  u n i r r a d i a t e d  

c o n t r o l  c e l l  s. 

These es t imates  o f  D 5 0  have now been used t o  express t h e  r e l a t i o n -  

s h i p  between c e l l  v i a b i l i t y  and r a d i a t i o n  dose by f i t t i n g  t h e  model 

where X i s  t h e  r a d i a t i o n  dose, and N and X o  a r e  parameters t o  be 

es t imated  by t h e  f i t t i n g  procedure. 



Two exper iments  were analyzed:  ( 1 )  i n j e c t i o n  24 hours  a f t e r  expo- 

su re ,  and ( 2 )  immediate i n j e c t i o n .  I n  each exper iment  t h e  doses were 

0, 100, 300, 600, 900 and 1200 rads. F i t t i n g  was done by weighted 

n o n l i n e a r  l e a s t  squares u s i n g  t h e  SAS procedure NLIN. A ch i -square  

s t a t i s t i c  based on t h e  r e s i d u a l  sum o f  squares was used t o  t e s t  t h e  f i t  

o f  t h e  model. The f i t  was good f o r  exper iment  ( 2 )  bu t  n o t  f o r  e x p e r i -  

ment ( 1 ) .  , For  exper iment  ( 2 )  , an approx i inate  95% con f idence  r e g i o n  f o r  

t h e  parameters  N  and X o  was a l s o  obta ined.  

LEVELS OF SIGNIFICANCE OF TESTS OK SMALL PROPORTIONS 

The research  on s t a t i s t i c a l  t e s t s  f o r  p o t e n t i a l  mutagens6 was 

c o n t i n u e d  by i n v e s t i g a t i n g  l e v e l s  o f  s i g n i f i c a n c e  f o r  seve ra l  methods 

t o  t e s t  t h e  d i f f e r e n c e  between p r o p o r t i o n s .  I n  t h e  c o n t e x t  of sample 

s i z e  e s t i m a t i o n  and t h e  power o f  t e s t s ,  t h e  d iscrepancy b e t ~ e e n  nominal 

and a c t u a l  l e v e l s  o f  s i g n i f i c a n c e  i s  impo r tan t  and espec ia l  l y  impo r tan t  

when t h e  p r o p o r t i o n s  a r e  smal l .  For  Np < 1 t h e  t e s t s  a r e  g e n e r a l l y  

c o n s e r v a t i v e  w i t h  l a r g e  d i f f e r e n c e s  i n  degree among t h e  t e s t s .  For  

example, f o r  Np = 0.46, N > 50 and a  nominal l e v e l  of 0.05, t h e  a c t l ~ a l  

l e v e l  o f  s i g n i t i c a n c e  f o r  t h e  angu la r  t r a n s f o r m a t i o n  t e s t  i s  0.05 w h i l e  

f o r  F i s h e r ' s  exac t  t e s t  i t  i s  approx i tnate ly  0.0001. Leve ls  o f  s i g n i f i -  

cance u s i n g  t h e  Freeman-Tukey t r a n s f o r ~ n a t i  on and t h e  c h i  - t e s t  were a l s o  

i n v e s t i g a t e d .  A  p r e l i m i n a r y  i n v e s t i g a t i o n  on sample s i z e  e s t i m a t i o n  

and t h e  power o f  these  t e s t s  was a l s o  completed. 

Computer programs have been w r i . t t e n  i n  FORTRAN f o r  t h e  PDP-10 t o  

c a l c u l a t e  t h e  l e v e l  o f  s i g n i f i c a n c e ,  t h e  power anid t h e  r e q u i r e d  sarnple 

s i z e  f o r  each o f  t h e  methods o f  t e s t i n g  p ropo r t i ons .  These prograins, 

which a r e  we1 1 documented, produce t a b l e s  a s  spec i  f i cd  by i f ~ p u t  

parameters.  

TOXICITY OF METAL IONS 

M u l t i v a r i a b l e  analyses o f  t h e  t o x i c i t y  o f  meta l  i o n s  a r e  under way 

t o  i d e n t i f y  those  p r o p e r t i e s  o f  meta l  i o n s  which a r e  c o r r e l a t e d  w i t h  

t o x i c i t y .  The new s t a t i s t i c a l  methods o f  r eg ress i on  d i a g n o s t i c s  a r e  



be ing  used t o  develop models which c o r r e l a t e  we1 1  w i t h  LD50s i n  mice * 1 

and LC50s i n  ~ r o s o ~ h i l a . '  Eleven, o f  over  30, p r o p e r t i e s  have been ' 

s t u d i e d  r e s u l t i n g  i n  t h e  s e l e c t i o n  o f  f o u r  p r o p e r t i e s  which j o i n t l y  

i nc rease  t h e  c o r r e l a t i o n  c o e f f i c i e n t  markedly as compared w i t h  t h e  

l a r g e s t  c o r r e l a t i o n  between t o x i  c i t y  and any s i n g l e  p rope r t y .  The 

reg ress i on  d i a g n o s t i c  methods o f  a n a l y z i n g  m u l t i - c o l l i n e a r i t y  a r e  

impo r tan t  i n  v a r i a b l e  s e l e c t i o n .  T h e i r  use i nc reases  t h e  l i k e l i h o o d  o f  

exc l ud ing  v a r i a b l e s  which may improve t h e  model o n l y  because o f  an 

out1 i e r  o r  o t h e r  nonrepeatab le  p e c u l i a r i t y  o f  t'he data. I n  t h i s  

manner, severa l  p r o p e r t i e s  w i l l  be s e l e c t e d  f rom t h e  e n t i r e  se t .  I n  

a d d i t i o n ,  d i a g n o s t i c s  w i  11 be a p p l i e d  t o  t h e  r eg ress i on  f o r  each 

response on these  few v a r i a b l e s  t o  i n v e s t i g a t e  t h e  i n f l u e n c e  o f  each of 

t h e  metal  ions.  

CIRCADIAN RHYTHM I N  MITOTIC CELL FREQUENCIES 

I n  o rde r  t o  p l an  exper iments t h a t  w i l l  y i e l d  o b j e c t i v e  da ta  on t h e  

e f f e c t  o f  r a d i a t i o n  on t h e  c e l l - c y c l e  p r o p e r t i e s  o f  spermatogonial  stem 

c e l l s ,  t h e  p o s s i b i l i t y  t h a t  spermatogonial  stem c e l l s  may have a 

c i r c a d i a n  rhythm must be considered. A r ecen t  exper iment  determi ned 

t h e  m i t o t i  c  index  th roughou t  t h e  24-hour pe r i od .  S t a t i s t i c a l  t e s t s  o f  

s i g n i f i c a n c e  i n d i c a t e d  t h a t  t h e  d i u r n a l  v a r i a t i o n  was random, so t h a t  

f u t u r e  exper iments  can be planned under t h e  assumption t h a t  t h e  m i t o t i c  

index  i s  u n a f f e c t e d  by t ime  of day. 

The s t a t i s t i c a l  analyses t e s t e d  and accounted f o r  v a r i a t i o n  among 

an imals  and s tages o f  c e l l  growth. Chi-square t e s t s ,  nonpara inet r ic  

t e s t s  and t e s t s  based on c i r c u l a r  d i s t r i b u t i o n s  a l l  i n d i c a t e d  t h a t  t h e  

v a r i a t i o n  i n  m i t o t i c  index among d i f f e r e n t  t imes  o f  day was n o t  

s i g n i f i c a n t  and cou ld  be cons idered t o  be random. 
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9. ENERGY 
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SOFTWARE FOR COWUTER-AIDED CONTROL SYSTEM DESIGN 

The o b j e c t i v e  o f  t h i s  p r o j e c t  i s  t o  s p e c i f y  t h e  requi rements f o r  a 

computer so f tware  package f o r  co~nputer-a ided c o n t r o l  system des ign  

(CACSD). The package i s  t o  have t h e  c a p a b i l i t y  t o  so l ve  c o n t r o l  and 

e s t i m a t i o n  problems i n  t h e  design, modeling, and a n a l y s i s  o f  dynamic 

systems. The package i s  t o  o rgan ize  e x i s t i n g  r e s u l t s  i n t o  a u n i f i e d  

body o f  so f twa re  which w i l l  f u r n i s h  a s tandard ized  s e t  o f  t o o l s  and 

se rv i ces  and a l l o w  long- term maintenance and growth. Al though i t  i s  

p r i m a r i l y  i n t ended  t o  p rov ide  t h e  e l e c t r i c  u t i l i t y  i n d u s t r y  w i t h  t h e  

conceptual  t o o l s  needed f o r  t h e  p lann ing ,  eng ineer ing ,  and ope ra t i on  of  

t h e  e l e c t r i c  energy systems o f  t h e  f u t u r e ,  i t  w i l l  be e q u a l l y  a p p l i -  

cab le  t o  many o the r  areas. The i ssues  addressed i n  t h e  c u r r e n t  s tudy  

i n c l u d e  s e l e c t i n g  t h e  programming language t o  be used and t h e  

a l go r i t hms  t o  be inc luded,  assess ing t h e  impact o f  p o t e n t i a l  

a p p l i c a t i o n s  and f u t u r e  hardware, e s t a b l i s h i n g  coding standards, and 

de te rmin ing  needed support  o f  g raph ics  and so f tware  t o o l s .  

DEVELOPMENT OF THE ENERGY INFORMATION ADMINISTRATION (E I A )  SAWLING 
FRAME OF DISTILLATE AND RESIDUAL FUEL O I L  DEALERS (EIA-764)  

The EIA-402 Fuel O i l  I d e n t i f i c a t i o n  Survey was conducted i n  t h e  

f a l l  of 1979 f o r  t h e  purpose o f  i d e n t i f y i n g  a l l  marketers  o f  e i t h e r  

No. 2 D i s t i l l a t e  Fuel o r  No. .6 Kesidua'l Fuel .  Th is  EIA-402 sampl ing 

frame had no method o f  upda t ing  a u x i l i a r y  i n f o r m a t i o n  o r  o f  adding new 

companies. 

E I A  was deve lop ing  a conso l i da ted  Petroleum Product  Sales Report  

Survey t h a t  would r e q u i r e  a c u r r e v t  l i s t  of No. 2 d l s t l l l a t e  f ue l  o i  1 
\ 



marke te rs .  Therefore,  i t  was necessary t o  r e p l a c e  t h e  EIA-402 sampl ing 

f rame w i t h  a more c u r r e n t  l i s t i n g  t h a t  c o u l d  be used t o  s e l e c t  samples 

f o r  t h e  Pet ro leum Product  Sales Repor t  as w e l l  as o t h e r  surveys f o r  

wh ich  t h e  EIA-402 served  as t h e  sampl ing frame. A ma jo r  p r o j e c t  was 

under taken  t o  update and r e c o n s t r u c t  t h e  EIA-402. The new fo rm  i s  

c a l l e d  t h e  EIA-764 Sampling Frame o f  D i s t i l l a t e  and Residual  Fuel O i l  

Dealers.. The p r o j e c t  i n v o l v e d  a huge lnai l o u t  t o  over  56,000 companies 

f r o m  Dun's  Ma rke t i ng  L i s t ;  SIC Codes 5171, 5172, and 5173; va r i ous  

s t a t e  and i n d u s t r y  l i s t s ;  y e l l o w  pages; and I1 E I A  frames ( i n c l u d i n g  

t h e  EIA-402) i n  an e f f o r t  t o  update i n f o r m a t i o n  and t o  i d e n t i f y  new 

p o t e n t i a  l respondents.  F011 01.1-UP sysrems proyrd111111l r ~ y ,  ddLd ~ I - U L ~ S S  i l ly ,  

and f i l e  c leanup procedures were necessary. 

A f t e r  a c l e a n  f i l e  was produced, an e v a l u a t i o n  o f  t h e  coverage o f  

t h e  t a r g e t  p o p u l a t i o n  by t h e  EIA-764 was at tempted. Suggest ions were 

made t o  a s s i s t  i n  t h e  coverage eva lua t i on .  A r e p o r t 6  was produced 

which g i v e s  a r ev i ew  o f  , t h e  s t a t i s t i c a l  l i t e r a t u r e  on frames. A s h o r t  

paper7  was a l s o  produced which g i v e s  some s imp le  p r o p e r t i e s  9 f  a s imp le  

random sample which a r e  n o t  we1 l known. 

SAMPLING PLAN FOR FORM E I A - 6 4 A  SY S'fl iM ASSESSMENT 

A sampl ing p l a n  was developed t o  assess t h e  EIA-64A survey (Annual 

Repor t  of t h e  O r i g i n  o f  N a t u r a l  Gas L i q u i d s  Produc t ion )  which p rov i des  

t h e  b a s i s  f o r  t h e  DOE annual e s t i m a t i o n  o f  U.S. proved reserves of 

n a t u r a l  gas l i q u i d s  and d r y  n a t u r a l  gas. The EIA-54A system assess:nent 

was conducted t o  1) assess t h e  v a l i d i t y ,  meaningfulness, and accurdcy 

o f  t h e  da ta  subm i t t ed  on Form EIA-64A; 2)  rev iew and assess t h e  EIA-54A 

frame and frame maintenance procedures;  3 )  i d e n t i f y  s p e c i f i c  i ssues  and 
- problems w i t h  t h e  EIA-64A system and assess t h e i r  s i g n i f i c a n c e ;  

4 )  recommend p o t e n t i a l  system m o d i f i c a t i o n s ,  as app rop r i a t e ;  and 

5) recoinmend cavea ts  f o r  a l e r t i n g  use rs  t o  l i r n i  t a t i o n s  o f  t h e  dd td  

produced by t h e  system, as app rop r i a t e .  
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PLATINB AND ECECTROQICMICAL MACllINIlYC 

The development lo  o t  a  computer code ra  s l m u l a t e  a t w o - d ~ l ~ a r r ~ s l u ~ ~ d l  

e lec t rochemi  c a l  machin ing (ECM) process i s  n e a r i n g  completion. Th i s  

code uses t h e  NAG sub rou t i ne  D03EAF t o  s o l v e  f o r  t h e  c u r r e n t  d e n s i t i e s  

on t h e  t o o l  and workp iece sur faces.  A s imp le  i t e r a t i o n  process i s  t h e n  

used t o  s o l v e  f o r  t h e  p o l a r i z a t i o n  on each e lec t rode .  A f t e r  c u t t i n g ,  

smoothing r o u t i n e s  a r e  t h e n  used t o  produce t h e  new workp iece surface. 

C a l c u l a t i o n s  f o r  a  r e c t a n g u l a r  shaped i n s u l a t e d  t o o l  a r e  now be ing  

performed. The r e s u l t s  w i l l  be compared t o  exper iments  run  on t h e  Y-12 

Chemf orm machi ne. 

LATENT-HEAT THERMAL ENERGY STORAGE 

Dur i  ng t h e  r e p o r t i n g  pe r i od ,  c o l  l a b o r a t i  on w i t h  t h e  La ten t  Heat 

Thermal Energy Storage e f f o r t s  cen te red  up.on t h e  f u r t h e r  development o f  

a  computer s i m u l a t i o n  o f  pass i ve  s o l a r  h e a t i n g  o f  a  b u i l d i n g  w i t h  

con ta ined  phase change m a t e r i a l  (PCM). The purpose o f  t h e  s i m u l a t i o n  

program i s  t o  serve as a  t o o l  f o r  address ing  t h e  ques t i on  o f  what bene- 

f i t s ,  i f  any, a r e  t o  be d e r i v e d  f r om t h e  i n c o r p o r a t i o n  o f  a  PCM i n  a  

pass i ve  s o l a r  b u i l d i n g  s t r u c t u r e .  Such ques t ions  i n c l u d e  a)  where i s  

t h e  PCM t o  be placed, b) what i s  t h e  " o p t i m a l "  m e l t i n g  tempera tu re  o f  

t h e  PCM, and c )  what a r e  t h e  c r i t i c a l  f a c t o r s  and d imension less 

parameters de te rm in ing  t h e  behav io r  o f  t h e  o v e r a l l  system. I n  i t s  



presen t  s t a t e  o f  development, t h e  code i s  a  f l e x i b l e  t o o l  c o n t a i n i n g  

t h e  f o l l o w i n g  elements: a)  beam and d i f f u s e  r a d i a t i o n  f rom t h e  sun, 

w i t h  t ime  v a r y i n g  inc idence,  az imuth and a l t i t u d e  angles; b )  PCM 

con ta ined  i n  e i t h e r  l a y e r s  a t tached  t o  t h e  i n t e r i o r  w a l l  su r faces  o r  

p laced  i n  an i n t e r i o r  " c u r t a i n "  w a l l  ; c )  w a l l s  c o n s i s t i n g  o f  v a r i a b l e  

numbers o f  l a y e r s  o f  m a t e r i a l s  th rough  which heat  passes by pure  

conduct ion; d )  convec t i ve  heat  t r a n s f e r  between t h e  room a i r  and t h e  

e x t e r i o r  w a l l  sur faces;  e )  c ross  r a d i a t i o n  between i n t e r i o r  w a l l  

sur faces;  and f )  a  "comfor t "  temperature c o n s i s t i n g  o f  a  weighted 

average o f  room a i r  temperature and i n t e r i o r  su r f ace  temperatures. 

Resu l t s  ob ta ined  thus  f a r  can be summarized as f o l l ows :  

A)  There i s  a  s i z a b l e  d i f f e r e n c e  between s i m u l a t i o n  r e s u l t s  ob ta i ned  

when w a l l  sec t i ons  a re  represen ted  by lumped " r e s i s t a n c e "  c i r c u i t s  

and when heat i s  t r a n s f e r r e d  v i a  pure  conduc t ion  which i s  modeled 

u s i n g  f i n i t e  d i f f e rences .  

B)  The c h i e f  e f f e c t s  o f  PCM i n c l u s i o n  a r e  f e l t  i n  moderat ing t h e  h i g h  

tempera tu res  o r d i  n a r i  l y  exper ienced i n pass ive  s o l  a r  s t r u c t u r e s .  

C) There i s  s i z a b l e  s e n s i t i v i t y  t o  t h e  cho ice  o f  such components as 

t h e  a b s o r p t i v i t y  o f  t h e  e x t e r i  o r  sur faces.  

D) For our  model and t h e  cases run  thus  f a r ,  a  PCM m e l t  temperature of 

about '70°F would appear t o  be "op t ima l "  i n  some sense. 

I n  p a r a l l e l  w i t h  t h e  f u r t h e r  development o f  t h e  computer ' s imu la -  

t i  on, we have p e r f  ormed some numer ica l  exper iments aimed a t  deve lop ing  

d r ~  " i r ~ t e l l  igence"  and "learning" capabi 1  i t y  f o r  t h e  r e d u c t i o n  o t  

computing t ime. We hope t o  be a b l e  t o  r e p o r t  more e x t e n s i v e l y  on t hese  

a t tempts  i n  t h e  r e p o r t  o f  nex t  y e a r ' s  progress. 

ROTOR FORCED RESPONSE, NATURAL FREQUENCIES, BALANCING 

"CYLINDER", a  r o t o r  dynamics program, was i n t r oduced  i n  a  p rev ious  

annual r epo r t .  l 1  Several o p t i o n s  have been added i n  such a  way as n o t  

t o  r e q u i r e  m o d i f i c a t i o n  o f  e s t a b l i s h e d  da ta  sets.  Users who have 

knowledge and need o f  t h e  new op t i ons  may s p e c i f y  l o g i c a l  v a r i a b l e s  i n  

t h e  i n p u t ;  t h e  d e f a u l t  mode o f  ope ra t i on  i s  as before.  The new op t i ons  

i n c l u d e  d e f l e c t i o n  p l o t t i n g ,  non in tege r  o r  nonincrementa l  speeds, 



f l e x i b i l i t y  o f  i m p e r f e c t i o n  i n p u t ,  and a  v a r i a b l e  g r i d  d i s c r e t i z a t i o n .  

The 1  a t t e r  a1 1  ows CYLINDER t o  more eas i  l y  s p e c i f y  r o t o r s  of d i f f e r e n t  

s i z e s  f o r  s t acked  cases. I n  a d d i t i o n  m o d i f i c a t i o n s  a r e  be ing  made t o  

CYLINDER wh ich  p r o v i d e  f o r  more robus t  convergence t o  n a t u r a l  

f r equenc ies .  

From CYLINDER t h e  programs SIMCYL and INCYL have evolved. l 2  SIMCYL 

has been used t o  s i m u l a t e  r o t o r  impe r fec t i ons  and f r o m  these  t o  p r o v i d e  

t e s t  d e f l e c t i o n s  f o r  INCYL t o  a t tempt  t o  c a l c u l a t e  t h e  c o n t r i v e d  g i ven  

i m p e r f e c t i o n s .  Recen t l y  SIMCYL has been separa ted  f r om INCYL so as t o  

use l a b o r a t o r y  d e f l e c t i o n  da ta  from which sharp l o c a l  i zed i m p e r f e c t i o n s  

a r e  expected. As INCYL has evo l ved  from an exper imenta l ,  f r e q u e n t l y  

m o d i f i e d  program t o  a  p r o d u c t i o n  program, r un  procedures have become 

more stream1 i ned. Th i s  a1 1  ows b e t t e r  i n t e r f a c i n g  between l a b o r a t o r y  

d e f l e c t i o n  da ta  and p rocess ing  o f  ou tpu t  i m p e r f e c t i o n s  on t h e  Separa- 

t i o n  Systems D i v i s i o n ' s  PDP-11. 

As r e p o r t e d  i n  t h e  p rev i ous  annual r e p o r t ,  l 3  so f twa re  has 'been 

developed f o r  r o t o r  dynami cs problems based on ~nod i  f i ed q u a d r a t i c  

e i  genval  ue problems.. Th i s  work and assoc ia ted  s t a b i  1  i t y  problems have 

been documented i n  a  Sepa ra t i on  Systems D i  v i  s i  on r e p o r t .  Recent ly  

equa t i ons  have been d e r i v e d  and programs w r i t t e n  f o r  severa l  new 

qeomet r i  es. 

DEVELOPMENT OF " INTELL IGENT"  ROBOTIC DEVICES 

The a im o f  t h i s  c o l l a b o r a t i v e  e f f o r t  i s  t o  a i d  i n  t h e  es tab l i shmen t  

o f  a  n a t i o n a l  c e n t e r  f o r  research  i n t o  i n t e l l i g e n t  r o b o t i c  devices.  

The approach used has been t o  e s t a b l i s h  an " h i e r a r c h i c a l "  s t r u c t u r e  f o r  

r o b o t i c  t h i n k i n g  and s t raeegy '  f o rmu la r l on .  The highest l e v e l ,  o r  

" o r g a n i z a t i o n a l "  l e v e l ,  i s  devoted t o  t h e  h i g h e s t  l e v e l  o f  though t ,  

w h i l e  t h e  lowest ,  o r  "machine" l e v e l ,  i s  devoted t o  mechanical  manipu- 

l a t i o n  o f  j o i n t s .  The immediate a p p l i c a t i o n  o f  t h e  r e s u l t s  o f  research  

w i l l  be t o  t h e  r o b o t i c  dev ices  i n v o l v e d  i n  t h e  f u e l  r e c y c l e  program o f  

ORNL. Our e f f o r t  has been aimed a t  t h e  development and unders tand ing  

o f  t h e  " r e a l  wo r l d "  model and i t s  i n t e r a c t i o n  w i t h  s t r a t e y y  

deve l  opment. 



CONFIOENCE L I M I T S  FOR THE EXPECTATION OF A POISSON VARIATE 

The t e c h n i c a l  r e p o r t  "Conf idence I n t e r v a l s  f o r  t h e  Expec ta t i on  o f  a  

Poisson Va r i  a t e "  (ORNL/CSD-115) , which p resen t s  con f idence  1 i m i  t s  on a 

Poisson v a r i a t e  and t h e  sma l l es t  a l t e r n a t e  mean which can be de tec ted  

w i t h  spec i  f i e d  p r o b a b i l i t y ,  has been publ ished.  E x i s t i n g  s t u d i e s  i n  

t h e  l i t e r a t u r e  cons ider  t h e  problem o f  t e s t i n g  whether t h e  coun ts  f r om  

a uranium source a r e  zero. Th i s  c o n d i t i o n  i s  t o o  s t r i n g e n t  i n  most 

cases a1 1 owing o n l y  a smal l  amount o f  uranium t o  be p resen t  be fo re  

s e t t i n g  o f f  t h e  alarm. The new procedure w i l l  p e r m i t  exper iments  t o  

assume t h e  presence o f  a  uranium source and assume ( o r  d e f i n e )  t h e  

l e v e l s  o f  counts  o f  t h e  uranium source. Many problems e x i s t  i n  f i n d i n g  

con f idence  1 i ~ n i  t s  o f  a  Poisson v a r i a b l e ,  and r e s u l t s  f r om  t h i s  r e p o r t  

shou ld  be a p p l i c a b l e  i n  numerous o t h e r  s t ud ies .  
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EFFECTS O F  COAL-DERIVED O I L  ON A FRESHWATER ECOSYSTEM 

S ing le  species b i  oassays a r e  u s e f u l  f o r  i n d i  c a t  i ng re1  a t  i ve 

t o x i c i t i e s  o f  chemical contaminants b u t  a r e  t o o  s imp le  t o  es t ima te  

ecosystem-1 eve1 responses t o  env i  ron~nenta l  exposure. Microcosms , 
however, mimic genera l  p r o p e r t i e s  o f  whole ecosystems and p r o v i d e  a  

model f o r  e v a l u a t i o n  o f  t o x i c a n t  e f f e c t s  i n  a n a t u r a l  con tex t .  , I n  t h i s  

study, 16 f r eshwa te r  pond microcosms (76-A) were e s t a b l i s h e d  i n  t h e  

l a b o r a t o r y  i n  o rde r  t o  determine t h e  e f f e c t s  o f  c h r o n i c  c o a l - o i  1  

re leases  on an i n t a c t  a q u a t i c  ecosystem. Exper imenta l  f a c t o r s  were 

(1) r a t e  o f  o i l  a p p l i c a t i o n  w i t h  seven l e v e l s  p l u s  a  c o n t r o l ,  and 

( 2 )  f requency o f  o i  1  a p p l i c a t i o n  w i t h  two l e v e l s ,  da i  l y  and weekly. 

Each microcosm was randomly assoc ia ted  w i t h  a combinat ion of t h e  two 

f ac to r s .  

Responses examined i n c l u d e d  water  chemis t ry  (e.g., water  pH and 

c o n d u c t i v i t y ) ,  ecosystem metabolism, and community s t r u c t u r e .  The da ta  

used i n  t h e  a n a l y s i s  cons i s ted  o f  e i g h t  weekly observa t ions  on t h e  

water  pH and c o n d u c t i v i t y  responses f r om each microcosm. Weekly pre-  

t rea tment  va lues were a l s o  a v a i l a b l e  f r om each microcosm. Because o f  

t h e  l ack  o f  r e p l i c a t i o n ,  except f o r  t h e  c o n t r o l  microcosm, t h e  pre-  

t rea tment  mean f o r  each microcosm was sub t rac ted  f r om i t s  observed 

responses d u r i n g  t h e  t r ea tmen t '  p e r i o d  t o  e l  i m i  na te  t h e  m i  crocosrn 

d i f f e r e n c e s  t h a t  might  e x i s t .  These ad jus ted  responses became t h e  

i n p u t  f o r  t h e  subsequent ana lys is .  Assoc ia ted  w i t h  each exper imenta l  

u n i t ,  o r  i n i  crocosrn, was an obse rva t i  on v e c t o r  o f  t h e  weekly response 

va lues f o r  t h e  t rea tment  per iod .  



The presence o f  a  s i g n i f i c a n t  e f f e c t  assoc ia ted  w i t h  f requency o f  

o i l  a p p l i c a t i o n  was examined by u s i n g  m u l t i v a r i a t e  r e g r e s s i o n  a n a l y s i s  

on t h e  d i f f e r e n c e  between t h e  cor respond ing  obse rva t i ons  f r o ~ n  d a i  l y  and 

weekly  dosed microcosms w i t h  t h e  same r a t e  o f  o i l  a p p l i c a t i o n .  The 

mu1 t i v a r i a t e  r e g r e s s i o n  a n a l y s i s  i n d i c a t e d  t h a t  f requency of app l  i ca- 

t i o n  had no s i g n i f i c a n t  e f f e c t .  Therefore,  t h i s  f a c t o r  was i gno red  i n  

t h e  subsequent a n a l y s i s  and microcosms w i t h i n  a  t r ea tmen t  group were 

c ~ n s i  dered as r e p l  i cates.  

W i t h  t h e  g a i n  o f  r e p l i c a t i o n ,  i t  was p o s s i b l e  t o  t e s t  f o r  s i g n i f i -  

can t  dose e f f e c t s  by a p p l y i n g  t h e  g rowth  cu rve  concepts developed by 

G r i z z l e  and ~ l l e n . ~  I n  t h i s  f i n a l  a n a l y s i s  a  q u a d r a t i c  f u n c t i o n  o f  

t i m e  was used t o  d e s c r i b e  t h e  responses f o r  each t r ea tmen t  group. The 

r e s u l t i n g  e s t i m a t e d  parameters  f o r  t h e  response curves were t h e n  used 

t o  t e s t  f o r  s i g n i f i c a n t  dose e f f e c t s .  The same es t ima ted  parameters 

were used as i n p u t  t o  a  canon ica l  a n a l y s i s  t o  g r a p h i c a l l y  d i s p l a y  t h e  

s i m i  l a r i  t i e s  and d i f f e r e n c e s  of t h e  t r ea tmen t  groups. Th is  a n a l y s i s  ' 

has been u s e f u l  i n  de te rm in i hg  t hose  responses t h a t  can be s i g n i f i -  

c a n t l y  a f f e c t e d  by c h r o n i c  c o a l - o i  1  re leases ,  and i t  w i l l  p r o v i d e  

i n f o r m a t i o n  f o r  co~npar i sons  w i t h  analogous exper iments  i n  ou tdoor  

ponds. 

INFLUENCE OF STEMFLOW ON THE DISTRIBUTION OF SOIL SULFATE 

Stemflow i n f l u e n c e  on s o i l  s u l f a t e  drld pH d i s t r i h i u t i o n  near  t h e  

base of two  t r e e  spec ies  ( r e d  maple and s c a r l e t  oak) was s t u d i e d  a t  two 

watersheds 1  ocated i n  t h e  Cu~nberl and P la teau  r e g i  vrl clf Tennessee. The 

s o i l  p r o f i l e  around t h e  base o f  each sampled t r e e  was sampled a t  f o u r  

s p e c i f i e d  d i s t a n c e s  f rom t h e  base d l  ong f o u r  t ransec ts  (ups l  ope, down- 

s lope,  and two t r a n s e c t s  p e r p e n d i c u l a r  t o  t h e  ups l  ope-downs1 ope 

t r a n s e c t s ) .  Trees f rom t h r e e  d i f f e r e n t  s i z e  c lasses  f o r  each spec ies  

were sampled t o  e v a l u a t e  t h e  e f f e c t  o f  t r e e  s i z e  on t h e  responses o f  

s o i l  s u l f a t e  and pH. 

The exper imenta l  f a c t o r s  t o  be eva lua ted  were (1) s i t e  a t  two 

l e v e l s ,  ( 2 )  t r e e  spec ies a t  two l e v e l s ,  ( 3 )  t r e e  s i z e  a t  t h r e e  l e v e l s  



w i t h i n  spec ies,  ( 4 )  t r a n s e c t  w i t h i n  t r e e  a t  f o u r  l e v e l s ,  and (5 )  d i s -  

tance  a long  t r a n s e c t  a t  f o u r  l e v e l s .  A t o t a l  o f  12 t r e e s  was sampled, 

one f o r  each combinat ion o f  f a c t o r s  ( 1 ) - ( 3 ) .  A l l  o f  t h e  i n f o r m a t i o n  

about f a c t o r s  ( 1 ) - ( 3 )  cou ld  be eva lua ted  th rough  an a n a l y s i s  o f  12 

means, one f rom each t r ee ,  because o f  t h e  ba lance w i t h  r espec t  t o  t h e  

remain ing f a c t o r s  ( 4 )  and (5 ) .  An e v a l u a t i o n  o f  f a c t o r s  ( 4 )  and ( 5 )  

was accoinpl ished by a  p o o l i n g  of t h e  a n a l y s i s  o f  t h e  obse rva t i ons  f o r  

each i n d i v j  dual  t r e e .  

I n  o r d e r  t o  have some degrees o f  f reedom l e f t  f o r  t e s t i n g  t h e  e f -  

f e c t s  o f  t r a n s e c t s  w i t h i n  t r e e s  as w e l l  as d i s t ances  w i t h i n  t r a n s e c t s ,  

a  s i m p l y f y i n g  assumption was made. Th i s  assumption cons idered  t h e  two 

t r a n s e c t s  pe rpend i cu l a r  t o  t h e  ups l  ope-downs1 ope t r a n s e c t s  as r e p l  i - 
ca tes  and was reasonable s i n c e  t h e  p r ima ry  movement o f  s u l f a t e  would be 

determi  ned by t h e  ups l  ope-downs1 ope y r a d i  e n t  r a t h e r  t h a n  t h e  perpendi  c-  

u l a r  g rad ien t .  Th i s  s i l n p l i f i c a t i o n  a l s o  made i t  p o s s i b l e  t o  t e s t  f o r  

s i g n i f i c a n t  t r a n s e c t  and d i s t a n c e  e f f e c t s .  A l though t h e  l a c k  o f  

r e p l i c a t i o n  made i t  d i f f i c u l t  t o  a s s o c i a t e  any s i t e  d i f f e r e n c e s  w i t h  

any p a r t i c u l a r  f a c t o r  such as s u l f a t e  i n p u t ,  which d i f f e r e d  between t h e  

two s i t e s ,  t h e  r e s u l t s  o f  t h i s  a n a l y s i s  w i l l  be h e l p f u l  i n  des ign ing  

f u t u r e  s t ud ies .  

EFFECT OF PETROLEUM AND SYNTHETIC OILS ON 
REPRODUCTION OF THE MILKWEED BUG 

A l a b o r a t o r y  s tudy has been conducted t o  demonstrate t h e  e f f e c t s ,  

if any, of two coa l - de r i ved  s y n t h e t i c  o i l s  and pe t ro leum on reproduc- 

t i o n  of t h e  l a r g e  milkweed bug.  A d e l e t e r i o u s  e f f e c t  c o u l d  have an 

impact a t  t h e  p o p u l a t i o n  l e v e l .  The exper iment  i n v o l v e d  expos ing 

r e p l i c a t e  p a l r s  o f  a d u l t  male and female bugs t o  predetermined doses o f  

t h e  substances o f  i n t e res t .  a n d  r ~ c o r d i n g  f o r  a three-week p e r i o d  t h e  

number of eggs l a i d  each day. The obse rva t i ons  f r om each r e p l i c a t i o n  

were averaged t o  produce an e s t i m a t e  o f  t h e  number o f  eggs l a i d  p e r  day 

over  t h e  three-week per iod .  

An examina t ion  o f  t h e  r e p l  i c a t e  f e c u n d i t y  obse rva t i ons  f n r  each 

substance as a  f u n c t i o n  o f  dose revea led  t h e  presence o f  h e t e r o g e n e i t y  



o f  var iance.  Independent observa t ions  a t  each dose were used t o  e s t i -  

mate t h e  v a r i a n c e  o f  t h e  response a t  each dose. Us ing t h e  r e c i p r o c a l  

o f  t h e s e  va r i ances  made i t  p o s s i b l e  t o  app ly  t h e  more a p p r o p r i a t e  

weighted r e g r e s s i o n  a n a l y s i s  r a t h e r  t han  unweighted reg ress ion  ana l -  

y s i s .  A  second-order po lynomia l  f u n c t i o n  o f  dose was needed t o  

d e s c r i b e  t h e  f e c u n d i t y  r e l a t i o n s  f o r  each o f  t h e  s y n t h e t i c  o i  1  s. 

However, t h e  f e c u n d i t y  va lues  f rom t h e  pet ro leum d i d  n o t  change 

s i g n i f i c a n t l y  (P > 0.10) over  t h e  exper imenta l  dose range. I n  add i -  

t i o n ,  t h e  behav io r  o f  t h e  dose- fecund i ty  f u n c t i o n s  was found  t o  be 

d i r f e r e n t  f o r  t h e  two o i l s .  Thc r e s u l t s  f rom t h e  a n a l y s i s  o f  t h e  

exper imenta l  da ta  w i l l  be h e l p f u l  i n  e s t i m a t i n g  t h e  response o f  o t h e r  

hemipterans t o  exposure t o  a  s y n t h e t i c  o i l  f rom an a c c i d e n t a l  s p i l l .  

ANALYSIS OF PHOSPHORUS DEFICIENCY PATTERNS 

Many f a c t o r s  a r e  known t o  c o n t r o l  phy top lank ton  growth i n  a q u a t i c  

ecosystems, i n c l u d i n g  temperature,  1  i g h t  a v a i l a b i l i t y ,  g r a z i n g  by 

zooplankton and f i s h ,  and a v a i l a b i l i t y  o f  chemical elements r e q u i r e d  

f o r  c e l l  growth. I n  f reshwater ,  phosphorus i s  t h e  n u t r i e n t  most o f t e n  

l i m i t i n g  a l g a l  growth. One way o f  assess ing phosphorus d e f i c i e n c y  i n  a  

phy top lank ton  communi t y  i s  t o  determine t h e  a l k a l i n e  phosphatase a c t i v -  

i t y  (APA). A l k a l i n e  phophatase i s  an enzyme produced by phy top lank ton  

when e x t e r n a l  phosphorus concen t ra t i ons  f a 1  1  very  1  ow. Therefore,  i f  

two samples c o n t a i n  t h e  same amount o f  a l g a l  biomass, t hen  t h e  

phosphorus l i m i t a t i o n  o f  t h e  sample c o n t a i n i n g  h i g h e r  APA l e v e l s  can be 

s a i d  t o  be more severe. 

A s tudy ~ a r ,  conducted t o  o b t a i n  a l k a l i n e  p h o 5 p h a t . a ~ ~  va111es f r om 

va r i ous  areas  and depths o f  t h r e e  TVA r c s c r v o i  ruse The APA data a r e  

u s u a l l y  summarized i n  terms of a  s p e c i f i c  APA l e v e l ,  which i s  t h e  a l k a -  

1  i ne phosphatase a c t i v i t y  norma l i zed  t o  t h e  s i z e  o f  t h e  phy top lank ton  

community p roduc ing  i t . Th i s  n o r m a l i z a t i o n  i s  accompl ished by d i v i d i n g  

t h e  phosphatase a c t i v i t y  o f  a  sample by t h e  corresponding c h l o r o p h y l l  A  

concent ra t ion .  Independent es t ima tes  o f  t h e  phosphatase a c t i v i t y  and 

c h l o r o p h y l l  A concen t ra t i ons  were a v a i l a b l e  and con f idence  l i m i t s  on 

t h e  s p e c i f i c  APA were der ived.  



An a p p l i c a t i o n  o f  F i e l l e r ' s  theorern made i t  p o s s i b l e  t o  d e r i v e  an 

express ion  f o r  t h e  va r iance  o f  t h e  s p e c i f i c  APA as a  f u n c t i o n  o f  t h e  

va r i ances  assoc ia ted  ~ i t h  t h e  phosphatase and c h l o r o p h y l l  A concen- 

t r a t i o n s .  I n  a d d i t i o n ,  S a t t e r t h w a i t e ' s  approx imat ion  was used t o  

approx imate t h e  degrees o f  f reedom o f  t h e  va r i ance  o f  t h e  s p e c i f i c  APA 

necessary t o  c a l c u l a t e  a p p r o p r i a t e  con f idence  l i m i t s .  The r e s u l t s  o f  

t h i s  a n a l y s i s  were h e l p f u l  i n  e v a l u a t i n g  t h e  seasonal p a t t e r n  o f  

phosphorus d e f i c i e n c y  over  t h e  growing season and i n  assess ing t h e  

s p a t i a l  d i s t r i b u t i o n  o f  phosphorus d e f i c i e n c y  i n  t h e  t h r e e  r e s e r v o i  rs. 

EFFECTS OF A COAL L I Q U I D  ON EMERGENCE OF POND INSECTS 

Emergence o f  a q u a t i c  i n s e c t s  has been used f o r  a  v a r i e t y  o f  

research  purposes and as an i ndex  o f  t h e  e f f e c t s  o f  c e r t a i n  t o x i c a n t s .  

I n  t h e  p resen t  s tudy t h e  e f f e c t  o f  a  s y n t h e t i c  c o a l - d e r i v e d  l i q u i d  f u e l  

on t h e  emergence o f  pond i n s e c t s  was i n v e s t i g a t e d .  Twelve ponds, which 

were of s im i  l a r  c o n s t r u c t i  on and s im i  l a r  s tock ,  were randomly a1 1  ocated 

t o  one of s i x  o i l  doses, two ponds pe r  dose w i t h  one dose be ing  a  

c o n t r o l .  F l o a t i n g  emergence t r a p s  were p laced  i n  each pond, and t h e  

number o f  t r apped  i n s e c t s  i n  each t r a p  were recorded  weekly f o r  a  

p e r i o d  o f  e i g h t  weeks. Pre t rea tment  obse rva t i ons  were a1 so ava i  l ab1  e  

on each pond t o  t e s t  f o r  any i n i t i a l  pond d i f f e r e n c e s .  The observed 

number o f  t r apped  i n s e c t s  f o r  each t r a p - d a t e  combinat ion were c l a s s i -  

f i ed acco rd i  ng t o  taxon. 

The main goal  o f  t h e  da ta  a n a l y s i s  was t o  t e s t  f o r  a  s i g n i f i c a n t  

dose e f f e c t  on t h e  emergence pa t t e rns .  The usua l  u n i v a r i a t e  a n a l y s i s  

of va r i ance  techniques w i t h  dose and t i m e  as f a c t o r s  were n o t  appro- 

p r i a t e .  Th i s  was because of t h e  l a c k  o f  independence among t h e  

obse rva t i ons  on a  p a r t i c u l a r  pond which was t h e  b a s i c  exper imenta l  

u n i t .  To compensate f o r  t h i s  d i f f i c u l t y ,  t h e  mu1 t i v a r i a t e  t echn ique  o f  

p r o f i l e  a n a l y s i s 5  w i t h  i t s  assoc ia ted  m u l t i p l e  comparison procedures 

was used t o  t e s t  f o r  s i g n i f i c a n t  p re t r ea tmen t  d i f f e r e n c e s  and f o r  

s i g n i f i c a n t  dose e f f e c t s  f o r  each o f  t h e  taxa. No s i g n i f i c a n t  p re -  

t r ea tmen t  d i f f e r e n c e s  were found  among t h c  ponds, Si gn i  f i c a n t  



( P  < 0.05) dose e f f e c t s  were observed f o r  t o t a l  number o f  i n s e c t s  .as 

w e l l  as f o r  v a r i o u s  c o n s t i t u e n t  taxa.  

PREDATOR-PREY MODEL 

I n  many a q u a t i c  s t u d i e s  i t  i s  impo r tan t  t o  have a  r e a l i s t i c  model 

t o  d e s c r i b e  t h e  amount o r  we igh t  o f  p rey  f i s h  consumed by a  p r e d a t o r  

f i s h .  The unders tand lng  o f  t h i s  phenvrr~erron can be q u i t e  u s e t u l  i n  

deve lop ing  a  model f o r  an a q u a t i c  ecosystem. I n  t h e  proposed model t o  

d e s c r i b e  t h e  d i s t r i b u t i o n  of t h e  we igh t  o f  p rey  f i s h  consumed by a  

p r e d a t o r  f i s h ,  t h e  number o f  f i s h  consumed was assumed t o  be a  

t r u n c a t e d  Poisson random v a r i a b l e  and t h e  weight  o f  each consumed f i s h  

was assumed t o  be a  normal o r  lognormal  random va r i ab l e .  The random 

v a r i a b l e  assoc ia ted  w i t h  t h e  weight  o f  consumed f i s h  i s  known as a  

compound Poisson random v a r i a b l e .  W i t h  t h e  p r e v i o u s l y  s t a t e d  assump- 

t i o n s ,  express ions  f o r  t h e  mean and va r i ance  o f  t h e  compound Poisson 

random v a r i a b l e  were d e r i v e d  i n  c l osed  f orrn f o r  t h e  two cases: 

(1) when t h e  weight  o f  consumed f i s h  was normal l y  d i s t r l  b u t e a ,  and 

( 2 )  when t h e  we igh t  o f  consumed f i s h  was lognorma'l ' ly d i s t r i b u t e d .  It 

i s  expected t h a t  t h e  adequacy o f  t h e  assumptions w i l l  be t e s t e d  and . the 

d e r i v e d  express ions  w i  11 be used w i t h  subsequent exper imenta l  data. 

COMBINING UNCERTAINTIES IN ENVIRONMENTAL RISK ASSESSMENT 

One o f  t h e  goa ls  of env i ronmenta l  r i s k  assessment i s  t o  p r e d i c t  

t h e  p r o b a b i l i t y  o f  an e f f e c t  o f  a  contaminant  on v a r i o u s  endpo ln rs  such 

as  f i s h  m o r t a l i t y .  The l o g i s t i c  dose-response curve  has been used t o  

d e s c r i b e  f i s h  m o r t a l i t y  f o r  a  g i ven  combina t ion  o f  spec ies  and 

chemica l .  The method desc r i bed  by Brand e t  a1 .6 can be used t o  o b t a i n  

con f i dence  bands f o r  t h e  es t ima ted  m o r t a l i t y  curve as w e l l  as i t s  

i nve rse .  Th is  makes i t  p o s s i b l e  t o  c a l c u l a t e  con f idence  l i m i t s  on t h e  

e s t i m a t e d  m o r t a l i t y  f o r  a  g i v e n  dose o r ,  f o r  t h e  i n v e r s e  problem, t o  

c a l c u l a t e  con f idence  l i m i t s  on a  dose f o r  a  g i ven  l e v e l  o f  ~ n o r t a l  i t y .  

I n  f i e l d  s i t u a t i o n s ,  t h e  contaminant c o n c e n t r a t i o n  i n  a  body of water  

cannot  be p r e d i c t e d  w i t h o u t  e r r o r .  However, i t  i s  o f t e n  p o s s i b l e  t o  



a s s o c i a t e  a con f idence  i n t e r v a l ,  say 1 0 0 ( l - v ) % ,  w i t h  t h e  unknown mean 

contaminant  c o n c e n t r a t i o n .  A method has been deve loped t o  c a l  c u l a t e  

c o n f i d e n c e  1 i m i  t s  w i t h  a s p e c i f i e d  1 ower bound' con f idence ,  say 95%, of 

i n c l u d i n g  t h e  t r u e  bu t  unknown response a t  t h e  t r u e  b u t  unknown mean 

contarni n a n t  c o n c e n t r a t i o n .  T h i s  i n t e r v a l  r e f l e c t s  . t h e  e r r o r  a s s o c i a t e d  

w i t h  t h e  e s t i m a t e d  contaminant  c o n c e n t r a t i o n  as w e l l  as t h e  e r r o r  

a s s o c i a t e d  w i t h  t h e  e s t i m a t e d  dose-response curve.  
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12. HEALTH AND SAFETY 

G. R. Handle -Y l M. D. M o r r i s  
C. M. Hopper J. N. underwood1 
E. Leach C. M. west1 
W. E. Lever  E. A. ~ e i g h a m i  

CANCER INCIDENCE RATES I N  RADIATION-EXPOSED POPULATIONS 

Some proposed compensarl on p l ans  spec i  r y  l l ~ L  dl-I i n d i v i d u a l  who 

has developed cancer  a f t e r  be ing  exposed € 0  n u c l e a r  weaporls 1esLs would 

be compensated based On t h e  Inc reased  i r ~ ~ i d e r l c e  r i s k  f o r  t h a t  i n d i v i d -  

u a l .  For  any s p e c i f i c  i n d i v i d u a l ,  age a t  obse rva t i on  ( o f  cancer)  i s  

known and i t  i s  assumed t h a t  dose may be approximated. Inc idence  r a t e s  

have been approx imated s p e c i f i c  t o  age a t  exposure and dose, b u t  i t  i s  

genera l  l y  unknown what r i s k  va lues  a r e  s p e c i f i c  t o  age a t  obse rva t i on  

and dose. Hence t h e  c o s t  o f  proposed compensation p l a n s  i s  n o t  known. 

We have w r i t t e n  a  computer program, LIFEZ, which s imu la tes  t h e  

r i s k  exper ience  o f  a  p o p u l a t i o n  due t o  a  s ing le -exposure  event. I n p u t  

i n c l u d e s  p r o p o r t i o n s  o f  t h e  p o p u l a t i o n  which a r e  exposed a t  each dose 

and aqe. Numbers o f  new cases and i n c i d e n c e  r a t e s  s p e c l f l c  t o  each dye 

a t  obse rva t i on  and dose a re  c a l c u l a t e d  u s i n g  1  i f e  t a b l e  techniques.  

The progrdm i s  i n t ended  f o r  use as a  t o o l  i n  assess ing  t h e  p r a c t i c a l i t y  

gf proposed compensation p lans.  

CARDIOVASCULAR DISEASE AND MINERAL ELEMENTS I N  DRINKING WATER 

An ongoing s tudy 6P d r l n k l n y  water* cha rVac te~  i s t i c s  and m o r t a l i t y  

f roln co ronary  h e a r t  d i sease  i s  based on da ta  be lng  c o l l e c t e d  un 

deceased da i  r y  farmers i n  Misconsin.  Sampling i s  accompl ished t h rough  

dea th  c e r t i f i c a t e  searches; and da ta  a r e  c o l l e c t e d  f r o m  dea th  c e r t i f i -  

c a t e  i n f o r m a t i o n ,  phys l  c i a n  q u e s t i  onnai res ,  and l a b o r a t o r y  a n a l y s i s  o f  

well wate r  a t  t h e  res idence  o f  each p a r t i c i p a n t .  



' Much of our  invo lvement  d u r i n g  t h e  da ta  c o l l e c t i o n  phase o f  t h e  

s tudy  has been i n  da ta  v a l i d a t i o n .  I n  a d d i t i o n  some a s s o c i a t i o n s  among 

v a r i a b l e s  f r om  t h e  water  analyses have been i n v e s t i g a t e d .  Some 

p r e l i m i n a r y  analyses o f  a s s o c i a t i o n s  between cause o f  death and water  

c h a r a c t e r i s t i c s  ( p a r t i c u l a r l y  l e v e l s  of heavy me ta l s )  have been c a r r i e d  

ou t  on t h e  incomplete  data.  

Data c o l l e c t i o n  was completed e a r l y  i n  1983, and c o m p i l a t i o n  of 

t h e  computer da ta  se t  should  be completed by June, 1983. s t a t i s t i c a l  

a n a l y s i s  o f  a s s o c i a t i o n s  between m o r t a l i t y  c h a r a c t e r i s t i c s  and d r i n k i n y  

water  c h a r a c t e r i s t i c s  should  be completed by e a r l y  1984. 

ACCEPTANCE SAMPLING PLAN FOR RASCHIG R I N G S  

An acceptance sampl ing p l a n  was developed f o r  l o t s  of 

B o r o s i l i c a t e - g l a s s  Raschiy r i n g s  t o  meet t h e  s p e c i f i c a t i o n s  l a i d  o u t  i n  

Hea l t h  and Sa fe t y  Procedure 70-155. The p l a n  addresses bo th  chemical 

compos i t i on  and shock r e s i s t a n c e  r e q u i  rements. The chelni c a l  composi- 

t i o n  requi rements  were eva lua ted  by f i x e d  sample procedures,  w h i l e  t h e  

shock r e s i s t a n c e  requ i  rements were t r e a t e d  by sequen t i a l  procedures.  

CALIBRATION OF TLD BADGES 

The s tudy  o f  t h e  therrnoluminescent dos imeter  (TLD) badges has 

cont inued. The e f f o r t  has been cen te red  on s t u d i e s  r e l a t e d  t o  under-  

s t and ing  t h e  f a d i n g  process. Resu l t s  o f  l ong- te rm s t u d i e s  c o n t r i b u t i n g  

t o  g r e a t e r  unders tand ing  o f  t h e  process i n d i c a t e  t h a t  t h e  TLD measure- 

ments f ade  about 15% over a  one-year pe r i od .  

GRAPHICAL DISPLAY OF A I R  MONITORING DATA 

C u r r e n t l y  t h e r e  a re  approx imate ly  400 a i r  f i l t e r s  l o c a t e d  i n  about  

70 areas i n  t h e  Y-12 P l a n t  t h a t  m o n i t o r  r a d i o a c t i v i t y  l e v e l s  i n  t h e  

a i r .  P r i o r  t o  t h i s  year ,  these  da ta  have been d i s p l a y e d  i n  c u r r e n t  

r e p o r t s  and Then s t o r e d  on computer tapes. 



A t  t h i s  t ime,  c0mpute.r so f twa re  i s  be ing  designed t h a t  w i l l  a l l o w  

H e a l t h  Phys ics  personnel  t o  g r a p h i c a l l y  i n v e s t i g a t e  c u r r e n t  and p r i o r  

t r e n d s  i n  t h e  da ta  u s i n g  t h e  ORNL computer f a c i l i t i e s  e i t h e r  i n  an 

i n t e r a c t i v e  o r  ba tch  mode. I n  a d d i t i o n  t o  i n d i v i d u a l  sample p l o t s ,  t h e  

system a l l o w s  f o r  d a i l y ,  monthly,  and q u a r t e r l y  p l o t s  averayed by 

areas. 

TOLERANCE LIMITS FOR SIMULATED K-EFFECTIVES 

Simulated K - e f f e c t !  ve va lues f o r  c y l  i n d r i c a l  Shapes conla i n,iriy 

s p e c i f i e d  masses o f  erir1Ched uran'iua~ a r ~ d  wa'ter were r e l ~ t c d  t o  t h e  

i n s i d e  d iameter  o f  t h e  c y l i n d e r  and t o  t h e  mass o f  uranium by a  f unc -  

t i o n a l  r e l a t i o n s h i p .  Th i s  r e l a t i  on was used t o  produce t o l e r a n c e  

bounds f o r  t h e  K - e f f e c t i  ves. The s imu la ted  K -e f f ec . t i  ves were produced 

by t h e  KENO-IV, CSRL code f o r  24 combinat ions o f  mass and c y l i n d e r  

d iameter .  
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PROPOSED NRC REGULATIONS AND LOSS DETECTION 
CAPABIL IT IES I N  REPROCESSING PLANTS 

A program has been i n i t i a t e d  t o  suppo r t .  e f f o r t s  by t h e  Nuc lear  

Regu la to ry  Commi s s i  on (NRC) t o  improve e x i s t i n g  M a t e r i a l  C o n t r o l  and 

Account ing (MC&A) r e g u l a t i o n s .  The September 10, 1981, v e r s i o n  o f  t h e  

proposed Category I MC&A Reform Amendment which appeared i n  Volume 46, 

No. 175 o f  t h e  Federa l  R e g i s t e r  was w r i t t e n  p r i m a r i l y  f o r  e x i s t i n g  

nuc lea r  m a t e r i a l  1 i censes; r ep rocess ing  p l a n t s  were s p e c i f i c a l l y  

exempted. A f t e r  r ev i ew ing  p u b l i c  comment, NRC extended t h e  a p p l i c a t i o n  

of t h e  proposed r u l e s  t o  i n c l u d e  rep rocess ing  p l an t s .  

The c u r r e n t  program i s  t o  de te rmine  whether a l a r g e  reprocess ing  

p l a n t  can meet t h e  r equ i  rernents o f  t h e  proposed Category I MC&A Reform 

Amendment. The conc lus ions  a r e  i n t ended  t o  be a p p l i c a b l e  t o  any l a r g e  

Purex r ep rocess ing  design. For  t h e  purposes o f  t h i s  s tudy,  t h e  

r e fe rence  reprocess ing  f a c i  1 i t y  i s  t h e  Barnwel l  Nuc lear  Fuel P l a n t  

(BNFP) 1 ocated i n  Barnwel l ,  South Caro l  i na. 

Fundamental ly,  t h e  problem revo l ves  around e s t i m a t i n g  l o s s  de tec -  

t i o n  capabi  1 i t . i e s  o f  a reprocess ing  p l a n t  and d e t e r ~ ~ ~ i  n i r ~ y  'if t hese  

c a p a b i l i t i e s  meet t h e  proposed s tandards s e t  by NRC. As a f i r s t  s t e p  

t h e  BNFP f a c i l i t y  i s  be ing  p a r t i t i o n e d  i n t o  f o u r  m a t e r i a l  accoun t i ng  

areas (MAA) w i t h  known t r a n s f e r s  and i n v e n t o r i e s .  Fro~rl i nfo'rmat i  on 

suppl  i e d  by BNFP personnel ,  m a t e r i a l  balances w i t h  co r respond ing  e s t i -  

mates of va r i ance  w i l l  be determined. The r e s u l t s  a r e  expected t o  

i s o l a t e  areas which may no t  mcct t h e  proposed r u l e s .  A ma jo r  prob lem 

w i l l  be t h e  e s t i m a t i o n  o f  process v a r i a t i o n  and how i t  i s  t o  be 

i n c o r p o r a t e d  i n t o  t h e  compari son w i t h  NRC ru l es .  



CALCULATING CONTROL L I M I T S  FOR INVENTORY DIFFERENCES 

The DOE has r e q u i r e d  t h e  Y-12 P l a n t  t o  submit  a  fo rma l  a c t i o n  p l a n  

f o r  deve lop ing  s t a t i s t i c a l l y  sound c o n t r o l  1  i m i  t s  f o r  i n v e n t o r y  d i f f e r -  

ences. A computer program has been w r i t t e n  t o  s i m u l a t e  i n v e n t o r y  

t r a n s i t i o n s .  Resu l t s  f r om these  s i m u l a t i o n s  have been used t o  i n v e s t l -  

ga te  t h e  s t a t i s t i c a l  behav io r  o f  p o t e n t i a l  i n v e n t o r y  d i f f e r e n c e s .  Some 

p o i n t s  have emerged f o r  f u r t h e r  study. 

SHADING BY A RECTANGLE 

We cons ide r  t h e  f o l l o w i n g  s i t u a t i o n :  a  r e c t a n g l e  o f  s ides  a, b  i s  

" f l a t t e n e d "  on to  t h e  s u r f a c e  o f  a  hemisphere o f  r a d i u s  R which i s  

s i t t i n g  on t o p  o f  t h e  x-y  plane. The r e c t a n g l e  i s  a l i g n e d  so  t h a t  t h e  

a x i s  o f  l e n g t h  b 1  i e s  on a  s i d e  th rough t h e  p o l e  o f  t h e  hemisphere. 

Assuming t h a t  l i g h t  comes i n  p a r a l l e l  t o  t h e  z-ax is ,  what i s  t h e  a rea  

o f  t h e  r e c t a n g l e ' s  shadow on t h e  x-y p lane? 

Under a s imp le  assumption which d e f i n e s  t h e  " f l a t t e n i n g "  process, 

t h e  area o f  t h e  shadow i s  

a R [ s i 1 1 ( 0 ~  + t / R )  - s i n g n ]  
where g o  i s  t h e  p o l a r  ang le  a t  t h e  t o p  o f  t h e  rec tang le .  
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PART C. EDUCATIONAL A C T I V I T I E S  

Mathematics and S t a t i s t i c s  Research (MSR) i s  a c t i v e  i n  a  number o f  

educa t iona l  areas o f  both a  p r o f e s s i o n a l  and academic na tu re .  Th is  

yea r  MSR personnel were respons ib l e  f o r  t h e  o r g a n i z a t i o n  o f  a  workshop 

on t h e  Propagat ion o f  U n c e r t a i n t i e s ,  a  smal l  Conference on t h e  Q u a l i t y  

o f  Data c o l l e c t e d  by Data C o l l e c t i o n  Systems, and a  symposium on sparse 

m a t r i x  computations.. MSR personnel have con t inued  t o  be i n v o l  ved w i t h  

va r i ous  forms of t h e  in-hours t r a i n i n g  program. Personnel have a l s o  

served as v i s i t i n g  l e c t u r e r s  t o  co l l eges  and u n i v e r s i t i e s ,  th rough  t h e  

Oak Ridge Assoc ia ted U n i v e r s i t i e s  (ORAU) program, and t h e  v i  s i t i n g  1  ec- 

t u r e  program o f  t h e  Committee o f  Pres iden ts  o f  S t a t i s t i c a l  S o c i e t i e s  

(COPSS). I n  a d d i t i o n ,  MSR personnel have superv ised  s tuden ts  through 

t h e  ORAU, t h e  Southern Col leges and U n i v e r s i t i e s  Unlon (SCUU), and t h e  

Great Lakes Col leges ~ s s o c i  a t i  o n / ~ s s o c i a t e d  Col leges o f  t h e  Midwest 

(GLCAIACM) programs. F i n a l  ly, i n t e r a c t i o n  w i t h  c o l  l e g e  and u n i v e r s i t y  

personnel i s  encouraged th rough t ime  re l ease  programs, s h o r t -  and 

long- te rm v i s i t s ,  and t h e  use o f  consu l t an t s .  

WORKSHOPS AND CONFERENCES 

A smal l  conference on t h e  1iiipr.ove111ent o f  The Q u a l i t y  o f  Data 

C o l l e c t e d  by Data C o l l e c t i o n  Systems was h e l d  i n  Oak Ridge d u r i n g  

November 11-12, 1982. I n  excess o f  20 i n v i t e d  and c o n t r i b u t e d  papers 

were presented and discussed. The t o p i c s  inc luded :  samples vs 

censuses; e r r o r  p r o f  i les ;  exp l  o r a t o r y  da ta  a n a l y s i  s; p a t t e r n  I-.ecoqr~ i - 
t i o n ;  o u t l i e r  de tec t i on ;  sampl ing frames; q u e s t i o n n a i r e  design; 



au toma t i c  da ta  e d i t i n g ;  and i ncomp le te  data. T. Wr igh t  se rved  as t h e  

chairman o f  t h e  o r g a n i z i n g  committee. Ma jo r  f u n d i n g  f o r  t h e  conference 

came f r o m  t h e  O f f i c e  o f  Naval Research. 

A workshop on t h e  Propaga t ion  o f  U n c e r t a i n t i e s  was h e l d  d u r i n g  

Oc tober  7-8, 1982, i n  Oak Ridge. The workshop was o rgan ized  i n t o  t h r e e  

t e c h n i  c a l  sess ions  i n  which i n v i t e d  p a r t i  c i  pan ts  p resen ted  papers. A 

f o u r t h  sess i pn  was devoted t o  t h e  d i s c u s s i o n  o f  t h e  papers. One o f  t h e  

main purposes o f  t h e  workshop was t o  make an assessment o f  t h e  s t a t e -  

o f - t h e - a r t  of t h e  a v a i l a b l e  methods, and t o  g e t  an unders tand ing  of 

t h e i r  s t r e n g t h s  and weaknesses. The workshop was sponsored by t h e  

Nuc lear  Regu la to r y  Commission, w i t h  V. R. R .  Uppu lu r i  a c t i n g  as one o f  

t h e  co-chai  rmen. 

Sparse M a t r i x  Symposium 1982, t h e  most r ecen t  i n  a  s e r i e s  o f  ma jo r  

conferences d e a l i n g  w i t h  genera l  aspects  o f  sparse m a t r i x  technology,  

was h e l d  a t  Fa i  r f i e l d  Glade, Tennessee, d u r i n g  October  24-27, 1982. 

The symposium brough t  t o g e t h e r  121 mathemat ica l  s c i e n t i s t s  and eng i -  

neers  f r om  i n d u s t r y ,  govern~nent,  and academic i n s t i t u t i o n s  who were 

concerned w i t h  problems i n v o l v i n g  t h e  r i g o r o u s  mathematical  devel  opment 

o f  a1 g o r i  thms and so f twa re  f o r  l a r g e - s c a l e  computat ions.  The f o r~na l  

program c o n s i s t e d  o f  8  i n v i t e d  t a l k s ,  48 c o n t r i b u t e d  t a l k s ,  and 7 con- 

t r i  bu ted  p o s t e r  p resen ta t i ons .  I n  a d d i t i o n ,  3  'i nfortnal  sess ions were 

o rgan i zed  and h e l d  d u r i n g  t h e  symposium. A c a t a l o g  c o n t a i ~ i n g  123 

one-page d e s c r i p t i o n s  o f  a v a i l a b l e  sparse m a t r i x  s o f t w a r e  was d i s -  

t r i b u t e d  t o  t h e  at tendees. The symposium was sponsored by t h e  Army 

Research O f f i c e ,  t h e  O f f i c e  o f  Naval Research, and MSK. K. C. Ward 

served  as Symposium Chai rman, R. E. F u n d e r l i c  and M. I .  Heath were 

members o f  t h e  O rgan i z i ng  Committee, and M. T. Heath p resen ted  one o f  

lilt! i ~ i v i t e d  talks. 

IN-HOUSE EDUCATIONAL PROGRAMS 

J. J. Beauchamp, D. G. Gosslee, T. L. Hebble, T. J. M i t c h e l l ,  

M. D. M o r r i s ,  R. L. Schmoyer, and C. K. Bayne o f  :4Sli and S. A. McGui r e  

o f  t h e  Y-12 Q u a l i t y  D i v i s i o n  were course i n s t r u c t o r s  f o r  - SAS S t a t i s -  

t i c s ,  a  course g i v e n  d u r i n g  t h e  w i n t e r  t e r m  as p a r t  o f  t h e  ORNL 



In-Hours Con t i nu i ng  Educat ion Program. The course was i n t ended  t o  pro-  

v i de  d e t a i l e d  s t a t i s t i c a l  background t o  c e r t a i n  SAS procedures f o r  

i n d i v i d u a l s  a1 ready fami l i a r  w i t h  SAS. An i ~ i t r o d u c t o r y  l e v e l  o f  s t a -  

t i s t i c a l  unders tand ing  was a l s o  assumed. 

J. J. Beauchamp and M. U. M o r r i s  t a u g h t  an I n t r o d u c t i o n  t o  P r a c t i -  

c a l  S t a t i s t i c s  course d u r i n g  t h e  f a l l  q u a r t e r  as p a r t  o f  t h e  ORNL 

In-Hours Con t i nu i ng  Educat ion Program. Th i s  course i s  an i n t r o d u c t i o n  

t o  s t a t i s t i c a l  methods and i n c l u d e s  m a t e r i a l  on d e s c r i p t i v e  s t a t i s t i c s ,  

t - t e s t s ,  l i n e a r  regress ion ,  and one-way a n a l y s i s  o f  var iance.  

J. J. Beauchamp and R. L. Schmoyer p resen ted  an eight-week seminar 

s e r i e s  on r e g r e s s i  on d i a g n o s t i c s  and robus t  r eg ress i on  f o r  members o f  

t h e  ORNL Envi  ronmental Sciences D i  v i  s i  on. The t o p i c s  p resen ted  

i nc l uded :  rev iew o f  m u l t i p l e  l i n e a r  r e g r e s s i o n  and t h e  o u t p u t  f r o m  t h e  

SAS GLM and REG procedures;  p r e s e n t a t i o n  of measures f o r  d iagnos ing  

i n f l u e n t i a l  da ta  p o i n t s ;  and i n t r o d u c t i o n  t o  r o b u s t  regress ion.  

M. T. Heath t augh t  a  course on Computer Me.thods f o r  Mathematical  

Computations d u r i n g  t h e  w i n t e r  q u a r t e r  as a  p a r t  o f  t h e  ORNL In-Hours 

Con t inu ing  Educat ion Prograin. The emphasis o f  t h i s  course was on t h e  

use of h i g h - q u a l i  t y  numer ica l  so f twa re  t o  s o l v e  mathemat ica l  problems 

such as systems o f  1  i n e a r  o r  n o n l i n e a r  a l g e b r a i c  equa t ions ,  i n t e r p o l a -  

t i o n ,  i n t e g r a t i o n ,  d i f f e r e n t i a l  equat ions,  op t im i  za t i on ,  l e a s t  squares, 

and e i  yenvalue problems. 

C. A. Se rb i n  o rgan ized  and t a u g h t  t h e  I n t r o d u c t i o n  t o  FORTRAN I V  

and t h e  I n t e r r l ~ e d i a t e  FORTRAN I V  courses d u r i n g  t h e  f a l l  and s p r i n g  

qua r t e r s ,  r e s p e c t i v e l y ,  as a  p a r t  o f  t h e  Y-12 In-Hours Computing Educa- 

t i o n  Program. The i n t e n t  o f  t h e  courses was t o  e x p l a i n  t h e  f e a t u r e s  of 

t h e  FORTRAN I V  programming language and t o  emphasize good programming 

p r a c t i  ces. 

V. R. R. Uppu lu r i  and C. C. T r a v i s  o f  t h e  ORNL H e a l t h  and Sa fe t y  

Research Departme.nt taugh t  a  course on P robab l l  i s t i  c  Methods i n  K i  sk 

Ana l ys i s  d u r i n g  t h e  w i n t e r  q u a r t e r  a s  p a r t  o f  t h e  ORNL In -Hnr~rs  Con- 

t i n u i n g  Educat ion Program. The course covered t h e  b a s i c  t o o l s  i n  

p robab i  1  i ty  theory ,  i n  a d d i t i o n  t o  Bayes' Theorem. The app l  i c a t i o n s  

wcrc d i r e c t e d  a t  nuc lea r  s a f e t y  and h e a l t h  r i s k s  problems. 

T.  right taugh t  a  course on S t a t i s t i c a l  Methods f o r  Q u a l i t y  

Improvement d u r i n g  t h e  s p r i n g  qua r t e r .  The course was sponsored by t h e  



ORNL Qua1 i t y  Assurance Coord ina to r .  The t o p i c s  covered were: elemen- 

t a r y  p r o b a b i l i t y  and s t a t i s t i c s ,  sampl ing,  cause and e f f e c t  diagrams, 

h i  s togra~ns  and P a r e t o  Char ts ,  c o n t r o l  c h a r t s ,  and con f idence  i n t e r v a l  

e s t i m a t i o n .  

SEMI NAR SERIES 

The department conducts a  b iweek ly  seminar s e r i e s  d e a l i n g  w i t h  t h e  

c o n s u l t i n g  and resea rch  a c t i v i t i e s  of i t s  s t a f f .  T h i s  s e r i e s  i s  aug- 

mented f r om t i m e  t o  t i m e  w i t h  o u t s i d e  speakers. The names o f  t h e  

speakers,  t h e i r  0 tgan lZa t lOna1  a f f l l  l a t l o n s ,  I f  n o t  w i t h  MSR, d r ~ d  1t1e 

t i t l e s  n f  t h e i r  t .a lks a r e  l i s t ed  a t  t h e  end o f  t h i s  sec t i on ,  The 

s e r i e s  i s  c o o r d i n a t e d  by D. G. Wilson. 

TRAVELING LECTURERS 

Var ious  department members have p a r t i c i p a t e d  i n  t r a v e l i n g  l e c t u r e  

programs. K. 0. Bowman p a r t i c i p a t e d  i n  t h e  COPSS l e c t u r e  program, 

w h i l e  V. K. R.  Uppu lu r i ,  R. L. Schrnoyer, and A. D. Solomon p a r t i c i p a t e d  

i n  t h e  OKAU l e c t u r e  program. T y p i c a l l y ,  l e c t u r e r s  v i s i t  t h e  sponsor ing 

u n i v e r s i t i e s  and c o n s u l t  w i t h  t h e i r  mathemat ic ians and s t a t i s t i c l a n s .  

A l e c t u r e  f o r  t h e  undergraduate and g radua te  s t uden t s  i s  always given. 

T i t l e s  o f  these  l e c t u r e s  a re  g iven  a t  t h e  end o f  t h i s  sec t i on .  

3UPEKVISION OF STUDENTS 

Students  r e g u l a r l y  work w i t h  MSR s t a f f  members under t h e  sponsor-  

s h i p  of t h e  GLCA/ACM and SCUU Science Semester programs and t h e  ORAU 

Student Research P a r t i c i p a t i o n  programs as UKAU t i raduate F e l l  ows and a s  

summer e~np l  oyees. I n  a d d i t i o n ,  seve ra l  s t uden t s  have p a r t i c i p a t e d  i n  

co-op programs f o r  which t i m e  i s  spent a t  MSR. 

P. #. Sluber., d LO-OJJ s t u d e ~ i t  f I-0111 Tennessee Teehnologi  c a l  Un ive r -  

s i t y  spent  June 1981 th rough  August 1982 work ing  w i t h  R. E. F u n d e r l i c  

on c o ~ n p ~ ~ t a t i  onal ?roblems i n  r o t o r  dynami cs f o r  t h e  Sepa ra t i on  Systems 

D i v i s i o n .  Another co-op s tuden t  f r om  Tennessee Techno log ica l  



U n i v e r s i t y ,  M. L. Stephens, con t i nued  t h e  work o f  Stuber  f rom August 

1982 t h rough  t h e  r e p o r t  p e r i o d  and w i l l  c on t i nue  on th rough  August 

1983. T h e i r  work i s  r e p o r t e d  i n  P a r t  B  o f  t h i s  r e p o r t .  

T. L. Engel, a  1983 ORAU sumlner research  p a r t i c i p a n t  f rom V i r g i n i a  

P o l y t e c h n i c a l  I n s t i t u t e  and S t a t e  U n i v e r s i t y ,  worked w i t h  V. R. R.  

Uppu lu r i  on problems assoc ia ted  w i t h  R isk  Ana lys is .  

M. D. Escobar, a  summer research  i n t e r n  f r o m  t h e  Department o f  

S t a t i s t i c s  a t  Yale U n i v e r s i t y ,  spent t h e  summer o f  1933 work ing on 

problems i n  computat iona l  s t a t i s t i c s .  H i s  work was d i r e c t e d  by T. J. 

M i t c h e l l .  

G. H a l l ,  a  SCUU s tuden t  f r om  M i l l s a p s  Col lege,  worked w i t h  A. D. 

Solomon f r om January th rough  August 1983. He concen t ra ted  on t h e  area 

o f  a r t i f i c i a l  i n t e l l i g e n c e  i n  communication. 

A. K. Sen, a  summer research  i n t e r n  f r om  t h e  Department o f  Phys ics  

a t  Ohio S t a t e  U n i v e r s i t y ,  spent  t h e  summer o f  1983 work ing  on computa- 

t i o n a l  p rob le~ns  r e l a t e d  t o  t h e  e l e c t r o n i c  d e n s i t y  o f  s t a t e s  i n  l i q u i d  

metal .  H i s  work was d i r e c t e d  by L. J. Gray. 

C. H. Shum, a  GLCA/ACM s tuden t  f r om  Hope Col lege,  worked w i t h  

A. D. Solomon f r om October th rough  December 1982. H i s  work concerned 

r o b o t i c s  and t h e  use o f  a r t i f i c i a l  i n t e l l i g e n c e  i n  s t r a t e g y  p l ann ing  

and o b s t a c l e  avoidance. 

W. M. Wood, a  1982 ORAU surimer research  p a r t i c i p a n t  f r om  Reed 

Col lege,  worked w i t h  L. J. Gray and S.-J. Chang on boundary i n t e g r a l  

e q u a t i o n  methods f o r  nondes t ruc t i ve  t e s L  i r ~ y  problems. 

UNIVERSITY TEACHING ACTIVITIES 

L. J. Gray t augh t  t h r e e  courses, L i n e a r  Algebra,  Advanced L i n e a r  

A1 gebra, and ~ o m ~ l e x  Ana lys is ,  f o r  t h e  Uni  v e r s i  t y  o f  Tennessee Depar t -  

ment of Mathematics d u r i n g  t h e  school  year .  

T. J. M i t c h e l l  t augh t  a  course, S t a t i s t i c s  f o r  B i o l o g i s t s ,  f o r  t h e  

' U n i v e r s i t y  o f  Tennessee Graduate School o f  Bi omedl c a l  Sciences d u r i n g  

t h e  summer quar te r .  

M. D. M o r r i s  t augh t  two courses, P r o b a b i l i t y  and S t a t i s t i c s  f o r  

Engineers, and S t a t i s t i c a l  Mcthods, f o r  t h e  Uiiiver.s i Ly o f  Tennessee 

Department o f  S t a t i s t i c s  d u r i n g  t h e  school  year .  



A. D. Solomon t a u g h t  t h r e e  courses, Data Base Management Systems, 

Data s t r u c t u r e s ,  and S i m u l a t i  on and Systems Programming, f o r  t h e  

U n i v e r s i t y  o f  Tennessee Department o f  Computer Science, and one course, 

D i f f e r e n t i a l  Equat ions,  f o r  t h e  Department o f  Mathematics. 

T. Wr i gh t  t a u g h t  two courses, Ca l cu l us  o f  Severa l  v a r i a b l e s  and 

L i  nea r  A1 gebra, f o r  t h e  Knoxvi  1 l e  Col l e g e  Department o f  M a t h e m t i  cs and 

Phys ics ,  and two courses, Survey Sampl ing and I n t r o d u c t o r y  S t a t i s t i c s ,  

f o r  t h e  U n i v g r s i t y  o f  Tennessee Department o f  S t a t i s t i c s .  

SHORT-TERH V I S I T l N G  RESEARCHERS 

A number of researchers  v i s i t e d  MSR f o r  severa l  days t o  c o n s u l t  

w i t h  depar tment  members on mathemat ica l  and s t a t ' i s t i c a l  problems. 

Pro fessor  G. J. Dav is ,  Department o f  Mathematics, Georgia S t a t e  

U n i v e r s i t y ,  v i s i t e d  on June 8-10, 1983, work ing  w i t h  R. C. Ward on 

problems i n  numer ica l  l i n e a r  a lyebra .  

Dr. U. Gotz, Sandoz Ltd., Basel, Sw i tze r land ,  v i s i t e d  on 

November 8-12, 1982, t o  d i scuss  t h e  des ign  and a n a l y s i s  o f  s u r v i v a l /  

s a c r i f i c e  an imal  exper iments  w i t h  T. J. M i t c h e l l .  

P ro tesso r  A. ,I. Laub, Department o f  E l e c t r i  ca'l Engineer ing,  I l n i  - 
v e r s i t y  of Southern C a l i f o r n i a ,  v i s i t e d  on June 14-17, 1983, work ing  

w i t h  M. T. Heath and R. C. Ward on l i n e a r  a l geb ra  probleins a r i s i n g  i n  

c o n t r o l  t heo ry .  

P ro fesso r  C. C. Paige, Department o f  Computer Science, McG i l l  

U n i v e r s i t y ,  v i s i t e d  on June 13-17, 1983, work i  ny w i Li.1 M. I .  t leatn  and 

R ,  C. Ward on l i n e a r  a l geb ra  problems a r i s l n g  1 r 1  c u r ~ l r ~ ~ l  tliesrry. 

P ro fesso r  D. S. Robson, $i omet r i  cs iJni t, Cornel  1  U n i v e r s i t y ,  

v l s i t e d  on Ju r~e  G-1U, 1903, t o  c u n s u l t  w i t h  J. J. Rr?,?~rchamp, T. J. 

M i t c h e l l ,  and M. D. M o r r i s  on research  problems i n  t h e  A n a l y s i s  o f  

La rge  Data Sets p r o j e c t .  

LONG-TERM V I S I T I N G  RESEARCHERS 

Pro fesso r  J. J. Buck ley,  Department o f  Mathematics, U n i v e r s i t y  of 

Alabama a t  Birmingham, v i s i t e d  w i t h  V. R. R.  Uppu lu r i  d u r i n g  June 1983 



on a F a c u l t y  P a r t i c i p a t i o n  Agreement w i t h  ORAU. They conducted 

r e s e a r c h  i n  t h e  areas o f  combin ing e x p e r t  o p i n i o n  and i n  r a n k i n g  

methods. 

P ro fessor  M. V. Fos te r ,  Department o f  Mathemat ics,  Southwest 

M i s s o u r i  S t a t e  U n i v e r s i t y ,  spen t  t e n  weeks f r o m  June t h r o u g h  August  

1983 as a F a c u l t y  Research P a r t i c i p a n t  o f  ORAU. He worked w i t h  T. J. 

M i  t c h e l l  on problems a s s o c i a t e d  w i t h  c o m p u t a t i o n a l  s t a t i s t i c s .  

P r o f e s s o r  J. A. George, Dean o f  t h e  F a c u l t y  o f  Mathemat ics,  

U n i v e r s i t y  o f  Water loo,  v i s i t e d  on A p r i l  11-22, 1983, w o r k i n g  w i t h  

M. T. Heath on l a r g e ,  sparse systems o f  l i n e a r  e q u a t i o n s  and l e a s t  

squares p r o b l  ems. 

P r o f e s s o r  J. R. G i l b e r t ,  Department o f  Computer Science,  C o r n e l l  

U n i v e r s i t y ,  v i s i t e d  on June 20 -Ju ly  15, 1983, w o r k i n g  w i t h  M. T. Heath 

on problems i n  sparse m a t r i x  computat ions.  

P r o f e s s o r  S. W. Looney, L o u i s i a n a  S t a t e  U n i v e r s i t y ,  spen t  t e n  

weeks from June t h r o u g h  August 1982 as a F a c u l t y  Research P a r t i c i p a n t  

o f  ORAU. He worked w i t h  V. R. R. U p p u l u r i  on t h e  p rob lem o f  t h e  propa- 

g a t i o n  o f  u n c e r t a i n t i e s .  

P r o f e s s o r  S. A. P a t i  1, Mathemat ics  Department,  Tennessee Techno- 

l o g i c a l  U n i v e r s i t y ,  v i s i t e d  V. R. R. U p p u l u r i  p e r i o d i c a l l y  f r o m  October  

1982 t h r o u g h  June 1983 on a F a c u l t y  P a r t i c i p a t i o n  Agreement w i t h  ORAU. 

Research was conducted on e m p i r i c a l  Bayes ian methods and w a i t i n g  t i m e  

problems w i t h  a p p l i c a t i o n s  t o  problems i n  n u c l e a r  s a f e t y .  

P r o f e s s o r  D. S. S c o t t ,  Department o f  Computer Science,  U n i v e r s i t y  

of Texas a t  A u s t i n ,  v i s i t e d  on January  3-7 and March 14-18, 1983, work- 

i n g  w i t h  R. E. F u n d e r l i c ,  M. T. Heath, and R. C. Ward on problems i n  

numeri c a l  1 i near  a1 gebra. 

P r o f e s s o r  L. R. Shenton, Computing and I n f o r m a t i  on S e r v i c e s  , 
U n i v e r s i t y  o f  Georgia,  v i s i t e d  f o r  t w o  weeks, f r o m  August  20 t o  

Septeir~ber 2, 1982, He consul teel  w i t h  K. 0. Buwrnan on r e s e a r c h  prob lems 

i n  s t a t i s t i c a l  methods r e l a t i n g  t o  c o m p u t a t i o n a l  s t a t i s t i c s .  

P r o f e s s o r  B. W. T u r n b u l l ,  Department o f  Opera t ions  Research and 

I n d u s t r i a l  Eny i  neer ing ,  Corne l  1 U n i v e r s i t y ,  v i s i t e d  d u r i n g  Oc tober  4-7, 

1982, and March 24-26, 1983. He worked w i t h  T. J. M i t c h e l l  on methods 

f o r  t h e  d e s i g n  and a n a l y s i s  o f  s u r v i  v a l l s a c r i f  i c e  an ima l  exper iments .  



L I S T  OF CONSULTANTS 

George, U n i v e r s i t y  o f  w a t e r l o o  
Golub, S t a n f o r d  U n i v e r s i t y  
McCabe, Purdue U n i v e r s i t y  
Plemmons, N o r t h  C a r o l i n a  S t a t e  U n i v e r s i t y  
Robertson, U n i v e r s i t y  o f  C a l i f o r n i a  a t  Santa Barbara 
Robson, Corne l  1  U n i v e r s i t y  
Shenton, U n i v e r s i t y  o f  Georg ia  
Sco t t ,  U n i v e r s i t y  o f  Texas a t  A u s t i n  
  urn bull, Cornel  l U n i v e r b i t y  

MSR SEMINARS 

J. J. Beauchamp, "Assessment o f  F i s h e r  and L o g i s t i c  L i n e a r  and Quad- 

r a t i c  D i s c r i m i n a t i o n  Models," J u l y  7, 1982. 

E. L. Frome, "Poisson Regress ion Ana l ys i s  o f  Cy togene t i c  Dose-Response 

Curves," J u l y  21, 1982. 

S. W. Looney, Lou i s i ana  S t a t e  U n i v e r s i t y ,   r rap hi cal Techniques f o r  

Assess ing Goodness o f  F i t , "  August 4, 1982. 

W. M. Wood, "Numerical  Ana l ys i s  o f  a  Two-Dimensi ona l  Elastodynami c  

Systerrr," August 11, 1982. 

S.-J. Chang, " I n c l i n e d  P i le -Up  a t  D i s l o c a t i o n s  a t  t h e  Crack T ip , "  

August 18, 1982. 

V. R. R .  U p p u l u r i ,  " P r e d i c t i o n  and E s t i m a t i o n  Based on E m p i r i c a l  

Bayesian Methods," September 1, 1982. 

R. L, Schmoj~er, "Sigmoidal  l y  Cnns t ra ined  Maximum L i k e l i h o o d  E s t i m a t i  on 

i n  Quanta1 Bioassay,"  September 15, 1982. 

$1. Grcar ,  "Rounding E r r o r s  o f  t h e  Lanczos Algor i thm,"  September 23, 

1982. 

D. G. Wi lson,  "A Shortcoming o f  t h e  E x p l i c i t  S o l u t i o n  f o r  a  B i n a r y  

A1,loy Sol i d i f  i c a t i o n  Problem," September 29, 1982. 

B. W. T u r n b u l l ,  Cornel  1  U n i v e r s i t y ,  "Sequen t ia l  Design f o r  D e s t r u c t i v e  

L i f e - T e s t i n g ,  Wi th  A p p l i c a t i o n  t o  Animal S a c r i f i c e  Experiments," 

October 6, 1982. 



M. T. Heath, "Numerical Methods f o r  Large Sparse L i n e a r  Least  Squares 

Problems ," October 20, 1982. 

A. D. Solomon, "Some Remarks on A r t i f i c i a l  I n t e l l i g e n c e  and Communica- 

t i o n s ,  Engineer ing and Computer Science," November 3, 1982. 

T. Wright,  "On a  Comparison o f  t h e  Q u a n t i t y  o f  I n f o r m a t i o n  Given by Two 

Beta P r i o r s  When Es t ima t i ng  t h e  D i f fe rence  Between Two Propor- 

t i ons , "  November 17, 1982. 

T. J. M i t c h e l l ,  "A Computer Progra111 f u r  t h e  S t a t i s t i c a l  Ana lys is  o f  

Disease Prevalence Data From Surv i  v a l / S a c r i f i c e  Experiments," 

December I., 1982. 

R. E. Funde r l i c ,  "A Combined Di r e c t - I t e r a t i v e  Method f o r  C e r t a i n  

M-Matrix L i nea r  Systems," December 15, 1982. 

A. D. Solomon, "A  F i l m  and D iscuss ion  on Robot ics  F e a t u r i n g  'Shakey' 

t h e  Robot," January 3, 1983. 

V. A lex iades,  "Modeling o f  t h e  B ina ry  A1 l o y  S o l i d i f i c a t i o n  Process," 

January 14, 1983. 

L. J. Gray, " I n t r o d u c t i o n  t o  R e n o r ~ n a l i z a t i o n  Group Theory," January 26, 

1983. 

T. L. Hebble, "Hypothesis T e s t i n g  i n  Safeguards," February 23, 1983. 

K. 0. Bowman, "Maximum L i k e l i h o o d  Es t imato rs  f o r  t h e  Gamma 

D i s t r i b u t i o n  - Rev is i ted , "  March 9, 1983. 

G. A. Ge is t ,  "M in im iza t ion  o f  Mechanical Curnplexity i n  Robot ics  ," 
March 10, 1983. 

R. C. Ward, "A Jacobi-Li,ke Eigenvalue A1 g o r i  thm f o r  Sparse, Symmetric , 

Mat r ices, "  March 23, 1983. 

G. P. P a t i  1, Pennsyl vania s t a t e  U n i v e r s i t y ,  "Mu1 t imode l  Model i ng and 

Data Ana l ys i s  w i t h  A p p l i c a t i o n s  t o  Recru i t~ i ien t , "  March 24, 1983. 

J. J. Beauchamp, "A Progress Report  on t h e  Program D i r e c t i o n s  f o r  

Research i n  S t a t i s t i c a l  Methods Document," Ap r i  1  6, 1983. 

D. G. t iosslee, " C o r r e l a t i o n  and Regression D iagnos t i cs :  I n v e s t i g a t i n g  

t h e  R e l a t i o n s h i p  o f  t h e  T o x i c  E f f e c t s  and t h e  P r o p e r t i e s  o f  Metal  

Ions," A p r i l  20, 1983. 

A. D. Solomon, "S t ra tegy  P lann ing  f o r  a  Smal , l .Robot icArm,"  May 4, 

1983. 



S. F. Ebey, "The S o l u t i o n  o f  an Exper imenta l  Design Problem I n v o l v i n g  a  

F i r s t  Order Au to reg ress i ve  Model ," May 18, 1983. 

S. C. Pe te r s ,  S t a n f o r d  U n i v e r s i t y ,  "Boo t s t r app ing  a  Regress ion Equa- 

t i o n :  Some E m p i r i c a l  Resu l t s , "  May 23, 1983. 

W. E. Lever,  "An Update on t h e  TLD Meter  Badge Problem," June 1, 1983. 

V. R. R. U p p u l u r i ,  "Man and Machine: P r o b a b i l i s t i c  Learn ing  Models," 

June 15, 1983. 

G. Ostrouchov, "Sparse L i n e a r  Least Squares Computations Using a  

B i p a r t i t e  Graph Model o f  Givens Transf o rmat i  ons," June 16, 1983. 

T. J. , M I . t c t ~ e l l ,  "Co~iiputer A1 g o r i  thm; For  Dcs ign ing  Exper iments Under 

Two C r i t e r i a , "  June 29, 1983. 

ORAU TRAVELING LECTURE PRESENTATIONS 
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Nor th  C a r o l i n a  S t a t e  U n i v e r s i t y  

Organ iz ing  Committee, 

1982 Sparse M a t r i x  Symposi urn 

U n i v e r s i t y  Re1 a t i  ons Program, 

Oak Ridge Assoc ia ted  U n i v e r s i t i e s  

Coordi n a t o r :  

0. G. Gosslee 

Member: 

Adv iso r :  

Represen ta t i ve :  

L. J. Gray 

L e c t u r e r :  

M. T. Heath 

I n s t r u c t o r :  

Membe r : 

E d i t o r :  

Adv iso ry  Committee, Department o f  S t a t i s t i c s ,  

Ohio S t a t e  Um ive rs i t y  

I n t e r n a t i o n a l  Commission f o r  P r o t e c t i o n  

Aga ins t  Envi ronmental Mutagens and 

Carcinogens 

S t e e r i n g  Committee, 1983 S t a t i s t i c s  Symposi um 

on Na t i ona l  Energy Issues 

Department o f  Mathematics, 

Uni ve rs  i t y  o f  Tennessee 

In-Hours Con t i nu i ng  Educat ion Program 

Organ lz lng  Committee, 

1982 Sparse M a t r i x  Symposi um 

Sparse M a t r i x  Sof tware Catalog, 

1982 Sparse M a t r i x  Syniposi urn 



T.  L. Hebble 

Member: Task Force on Experimental  J o i n t  Program o f  

Task Group on D i s s i m i l a r  Metal  Weld f o r  t h e  

ASTM-ASME-MPC J o i n t  Committee on ' t h e  E f f e c t  

o f  Temperature on t h e  P r o p e r t i e s  o f  Meta ls  

I n s t r u c t o r :  In-Hours Cont inu ing  Educat ion Program 

E. Kane 

Secre ta ry -Treasurer :  The C l a s s i f i c a t i o n  Soc ie t y  

Re~ , f * t . b t ! l ~ l d t i  ve: Rcgi onal Adv isory  Board, R i  nmetr i  c S ~ c i e t . ~  

Committee on S t a t i s t i c s  and t h e  Environment, 

American S t a t i s t i c a l  Assoc ia t i on  

S t e e r i n g  Committee, 1982 DOE S t a t i s t i c a l  

Sympos i urn 

W. E. Lever  

Mem be r : Technometri cs P r i z e  Committee - 
Comrni t t e e  t o  Review I n t e r n a t i o n a l  Standards 

i n  S t a t i s t i c s ,  American S t a t i s t i c a l  

Associ a t i  on 

T. J .    itch ell 
L e c t u r e r :  Graduate School o f  B i  omedi c a l  sciences, 

U n i v e r s i t y  of Tenn~ssee  - Uak Kldqe 

Assoc ia te  E d i t o r :  Technometrics 

Chairman: 1982 Gordon Research Conference on S t a t i s t i c s  

i n  Chwni qt.ry and Chemi cal Enqi n e e r i  ng 

M. D. M o r r i s  

I n s t r u c t o r :  

L e c t u r e r :  

In-Hours Cont inu ing  Educat ion Program 

Department o f  S t a t i s t i c s ,  

U n i v e r s i t y  o f  Tennessee 



R. L. Schmoyer 

I n s t r u c t o r :  

L e c t u r e r :  

C. A. Serb in  

I n s t r u c t o r :  

A. D. Solomon 

L e c t u r e r :  

V .  R. R. Uppu lu r i  

P res i den t :  

T reasure r :  

Assoc ia te  E d i t o r :  

L e c t u r e r :  

D i  rector. :  

I n s t r u c t o r :  

Cha i rlna n: 

In-Hours Con t i nu i ng  ~ d u c a t i  on Program 

T r a v e l i n g  L e c t u r e  Program, 

Oak Ridge Assoc ia ted U n i v e r s i t i e s  

Y-12 Computi ng Educa t ion  Program 

Departments o f  Mathematics and Computer 

Science, U n i v e r s i t y  o f  Tennessee , 

Trave l  i ng Lec tu re  Program, 

Oak Ridge Assoc ia ted  U n i v e r s i t i e s  

East Tennessee Chapter o f  t he  Soc ie t y  f o r  

R isk  Ana l ys i s  

Soc ie t y  f o r  R isk  Ana l ys i s  

Oak Ridge Chapter o f  Sigma X i  

Adv iso ry  Committee, 

OKNL O f f i c e  o f  R i s k  Ana l ys i s  

R isk  Ana l ys i s  

V i s i t i n g  L e c t u r e  Program, 

Mathematical  Assoc ia t i on  o f  Arneri ca 

NATO Advanced Study I n s t i t u t e  on: 

Techno1 ogy Assessment, Envi ronmental Impact 

Assessment and R i sk  A n a l y s i s  

In-Hours C0nt.i nu i ng  Educat ion Program 

Workshop on Propaga t ion  o f  U n c e r t a i n t i e s ,  

October 7-8, 1982 



R. C. Ward 

Chai rman: 

Member: 

Organ iz ing  Committee, 

1982 Sparse M a t r i x  Symposium 

Sa la ry  Survey Committee, Soc ie ty  f o r  Indus-  

t r i a l  and A p p l i e d  Matherrlatics (SIAM) 

Graduate F e l l  owshi p  Se lec t i on  Panel, OKNL 

Program Cornmi t t e e ,  1984 SIAM Conference on 

Computat ional  S t a t i s t i c s  

V i s i t i n g  Scholar :  Computer Sc ience Department, S t a n f o r d  

Uni ver'si  t;y , SUIIII~~I-., 1902 

D. G. W i l son  

Member: 

L e c t u r e r :  

Data Process ing  Adv iso ry  Committee, 

S ta te  Technica l  I n s t i t u t e ,  Knoxvi 11 e  

T rave l  i ng L e c t u r e  Program, S o c i e t y  f o r  

I n d u s t r i a l  and App l i ed  Mathematics 

T. Wr igh t  

Assoc ia te  P ro fesso r :  Department o f  Mathematics and Physics,. 

Knoxvi l 1 e I::CI~ 1ege 

A s s i s t a n t  P ro fesso r :  Department o f  S t a t i s t i c s ,  

U n i v e r s i t y  o f  Tennessee 

Member: Edi t o r i  a1 Board, American Jou rna l  o f  Mathe- 

ma t i  c a l  drid Md~~dye l l~e i i t  Sci enees --- > , -- .- - 

Adv iso ry  CUIIIIII~ t t e e  on Con t i nu i ng  Educat ion,  

L e c t u r e r :  

Chai rman: 

American S t a t i s t i c a l  Assoc ia t i on  

ORNL's S t a t i s t i c a l  Methods f o r  Q u a l i t y  

lmprovement Course 

P lann ing  Commi t t e e ,  Small, Conference on t h e  

Improvement o f  t h e  Q u a l i t y  o f  Data 

C o l l e c t e d  by Data C o l l e c t i o n  Systems, 

November 11-12, 1982, Oak Ridge 
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