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COURANT MATHEMATICS AND COMPUTING LABORATORY 

The Courant Mathematics and Computing Laboratory f o r m  one of the 
d iv i s ions  of  t he  Courant I n s t i t u t e  of Mathematical Sciences, a world 
renamed cen te r  devoted to research and t r a in ing  i n  t h e  mathemt ica l  
sciences. 

The Laboratory was es tab l i shed '  i n  1952' when t h e  AEC Physical  
Research Division placed a UNIVAC I a t  t h e  Courant I n s t i t u t e .  Since 
then the Laboratory has successively managed an IBM 704, a 7090, a 

. , 7094 ,. and cur ren t ly  a CDC 6600 and a VAX 11/780. The ' Laboratory . has . . 

pioneered i n  techniques leading to time shar ing w d  remte u t i l i z a t i o n  
of computers. 

The expe r t i s e  of the  Laboratory lies in t h e  d e v e l o p n t  and . . .  

analysis of m t h e m t i c a l  d e l s  and e f f i c i e n t  computing methods f o r  t he  . 

rapid so lu t ion  of technological  problems of i n t e r e s t  to  'DOE. The 
primry focus of t h i s  energy r e l a t ed  research involves t h e  de t a i l ed  
ca lcu la t ion  on la rge  computers of corrrplicated f l u i d  .flows in which' 
r eac t ions  and hea t  conduction may be taking place. These flows are 
governed by p a r t i a l  d i f f e r e n t i a l  equa t ions , 'usua l ly  i n  th ree  dimensions 

I p l u s  tire, which require  new mathemt ica l  and new programing 
techniques. 

The research program of the  Laboratory encompasses ttx, broad 
categories:  (a? analytical .  and numerical methods, which include appl ied 
ana lys i s ,  cmputa t iona l  mathematics, ,and 'numerical methods f o r  p a r t i a l  
d i f f e r e n t i a l  equations,  and (b) advanced computer concepts, which 
include software engineering, d i s t r i bu t ed  s y s t e m ,  and high p e r f o m n c e  
systems. . . 

The t r a in ing  of personnel to apply 'advanced ,mathematical and 
computer methods cons t i t u t e s  a concomitant t o  these research functions.  
Over the .years w e  have t ra ined  and graduated severa l  hundred Ph.D. 
s tudents  who.now populate technical  f i e l d s  tl-iroughout t h e  country. 
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I. ANALYTICAL AND NUMERICAL ME?HODS 

A. Applied Analysis 

1.  h he ma tical problems i n  Geophysics 

IXlring t h i s  year w e  have m d e  considerable progress i n  studying 
the one-dimensional inverse problem of exploration geophysics. 

This  work f a l l s  i n t o  two par t s :  ( a )  understanding and evaluating 
ex is t ing  n m r i c a l  techniques used in o i l  exploration; ( b )  development 
and t e s t i ng  of new techniques. 

P a r t  ( a )  has  l e d  to an understanding of t he  role of  t h e  i n t eg ra l  
equations of inverse s ca t t e r ing  theory and r e l a t ed  d iscre te , (Tbepl i 
systems which resu l ted  i n  a reprt which is now i n  press., (See Sect. 
V, publ icat ion no,. 5.) 

A general  conclusion from this aspect of our work w a s  (i) t h a t  
these i n t eg ra l  equations are indeed c lose ly  r e l a t ed  to t h e  so-called 
inverse impulse-respnse problemso£ exploration geophysics, (ii) t h a t  
they a r e  not r ead i ly  adaptable f o r  nonideal da t a  such a s  arise i n  
pract ice .  

P a r t  (b) has resu l ted  i n  the development of a schem which is a 
d i r e c t  numerical in tegrat ion '  of the o r i g i n a l  d i f f e r e n t i a l  equations 
with a simultaneous ca lcu la t ion  of the  ' unknown . c o e f f i c i e n t .  This  
method, developed by Dr.  . Kenneth Rube, appears to be r ead i ly  adaptable 
to non-impulse-respnse data .. 

W e  plan t o  publish papers describing 'the . ana lys i s  and numerical 
exper imnts  we  have p e r f o m d  using the  i n t eg ra l  equations and a l s o  the  
new method out l ined above. 

R.. . ,Burridge 

2. On the  Notion of Hyperbolicity 

This work shavs t h a t  a system of nonlinear p a r t i a l  d i f f e r e n t i a l  
equations has a pos i t ive  conserved quant i ty  only i f  the equation is 
hyperbolic, i.e., i f  it has no complex cha rac t e r i s t i c s .  

The averaged equations describing the m t i o n  of . bn compressible 
f l u i d s  which a r e  allowed to sl i ,de Fast  each o ther  cons t i t u t e  a system 
which has complex charac te r i s t i cs .  The theory of the i n i t i a l  value 
problem f o r  t h i s  system has been s tudied n m r i c a l l y  but not  
theore t ica l ly .  I n  some of t he  engineering l i t e r a t u r e '  it is asser ted 
that the  conservation of t o t a l  energy provides an a p r i o r i  bound. (See 
Sect. V, publ icat ion no. 28.) Ihis, however, is not  r i g h t ,  f o r  
k i n e t i c  energy is only condi t ional ly  pos i t ive ,  i.e., only when p > 0. 
Tb show tha  p always s tays  p s i t i v e  for- so lu t ions  of . the averaged 
two-fluid equations requi res  ye t  another. a pr ' ior i  inequa l i ty  which so 
f a r  is missing. 



, 
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This work sheds l i g h t  on the  puzzling appearance of  complex 
cha rac t e r i s t i c s  in the  equation of two-phase flow, and shows t h e  need 
f o r  fu r the r  theore t ica l  (and numerical) study on the  s u i t a b i l i t y  of 
these equations. 

Mult i f lu ids  and multiphase flow appear i n  many problems of 
i n t e r e s t  to DOE, i n  pa r t i cu l a r ,  i n  studying the  excursions of a nuclear 
reac tor  undergoing la rge  perturbations.  

P. D. Lax 

3. Reacting Flow Computations 

Numerical methods a r e  k i n g  tes ted  and developed. f o r  the  so lu t ion  
of de ta i led  mathematical d e l s  of combustion i n  t h i s  p r o j e c t .  Two 
p a r a l l e l  s t ud i e s  a r e  being performed. The. f i r s t  d e a l s  with the  
computation of i gn i t i on  and propagation of one-dimensional def lagra t ion  
waves (flames). This  problem'focuses a t t en t ion  on the  treatment of t h e  
important react ion and d i f fus ion  terms i n  t he  governing conservation 
equations. The second study involves the  so lu t ion  of t h e  equations of 
one -dhns iona l  inviscid  compressible gas dynamics. This  focuses on .. 

methods f o r  the  convective terms i n  the  governing equations. 

Results  have been obtained f o r  , t he  ozone flame system of equations 
using the unconditionally stable explici t .method of Saul'yev f o r  t he  
d i f fus ion  terms. W e  have developed a s t i f f l y  s t a b l e  noni te ra t ive  
method f o r  the  react ion terms and have'applied an aciaptive g r id  mthcd  
which increases resolut ion within the  flame zone. The r e s u l t s  indicate  
t h a t  e x p l i c i t  methods can o f f e r  t he  p o t e n t i a l  f o r  increases i r i  
computational e f f ic iency  and accuraw. 

I n  the second study computations have been made with an e x p l i c i t  
method which is based on mncepts  from the k i n e t i c  theory of gases. 
The flow var iab les  a r e  computed using the  Boltzmann equation with an 
operator s p l i t t i n g  approach and the method is unconditionally s tab le .  
The r e s u l t s  indicate  t h a t  t h i s  mthcd  can o f f e r  s i gn i f i can t  advantages 
over standard f i n i t e  di f ference methods f o r  compressible gas  dynamics 
pmblems. 

Advanced &Ute; codes are kecoming ava i lab le  f o r  the  so lu t ion  of 
.combustion problems. I n  some cases ,  these a r e  vers ions '  of previously 
ex is t ing  fluid.dynamics codes which were modified to include combustion 
e f f ec t s .  Hwever, f u r the r  . research'. i n t o  specia l ized '  numerical methods.' 
f o r  t h e  energy and chemical species conservation equations has  been 
necessitated by the  f a c t  t h a t  these enerqy re lease  e f f e c t s  play a 
dominant role i n  many ccxrbustion applications.  

I n  t h i s  study, w e  address t h i s  need and the  addi t iona l  
d i f f i c u l t i e s  which a r e  m e t  i n  the numerical so lu t ion  of mathematical 
models of i n t e rna l  m h u s t i o n  engine phenomena. This  includes an , 

analysis  of the  problem associated w i t h ' t h e  so lu t ion  of a la rge  numkr . . 

of s t i f . £  coupled chemical species  equations,  and of f u l f i l l i n g  the. .. 

requirement t h a t  the  flow . f i e l d  be resolved .accurate ly  within  . ' t h e  
r e l a t i v e l y  t h i n  energy re lease  zone. 



Our approach is to study numerical methcds as appl ied to 
r e l a t i v e l y  simple d e l  systems, each of which focuses on individual  
aspec t s  of t h e  ove ra l l  task.  W e  a n t i c i p a t e  t h a t  t h e  component p ro j ec t s  
w i l l  be united and t h a t  t he  conbination w i l l  allow computations to be 
made of coupled f l u i d  dynamics and conbustion equations, wi th  complete 
chemical k i n e t i c  mechanisms, f o r  the  study of ml t id imens iona l  i n t e r n a l  
conbustion engine phenomena. 

DetaiJed mathematical models of combustion phenomna y i e l d  
information about t he  l oca l  and instantaneous events which occur wi thin  
a c o ~ u s t i o n  device. This  information is he lpfu l  i n  the  design o f  
clean and e f f i c i e n t  energy consuming u n i t s  such as i n t e r n a l  conbustion 
engines and furnaces. Numerical techniques a r e  being developed i n  t h i s  

' study to permit e f f i c i e n t  and accurate computations of multidimensional 
i n t e rna l  combustion engine phenomena. 

R. D. Rei tz  

B. Computational Mathematics 

1. F i n i t e  Element Capacitance Matrix Methods 

%is work, which is a continuation of a major research e f f o r t ,  
aims a t  t he  extension of the use of f a s t  Poisson so lve r s  t o  an 
important family of e l l i p t i c  problems on a r b i t r a r y  bounded regions. 
Such methods and r e l a t ed  software can be used p ro f i t ab ly  as subprograms 
when solving,  f o r  exam@-e , f l u i d  dynamics problems. 

Recently, t h i s  e f f o r t  has been.focused on developing methods which. 
exp lo i t  a t t r a c t i v e  fea tures  of both the  f in i t e -d i f fe rence  and 
finite-element methods. A f i r s t  such.projecf  has  been completed and 
the numerical experiments show that - these new methods o f f e r  
considerable advantages in comparison with t h e  f in i t e -d i f fe rence  
.capacitance matrix methods previously employed. 

Only t h e  Neunann problem f o r  Laplace I s  equation w a s  invest igated 
so f a r .  and implemented i n  d e t a i l .  Several  c e n t r a l  t h e o r e t i c a l  . '  

quest ions  on t he  f a s t  convergence of - methods of t h i s  kind have ken 
s e t t l e d  i n  recent  m n t h s ,  most notably t h e  proper design o f ' r a p i d l y  
convergent i t e r a t i v e  finite-element capacitance matr ix  methods f o r  
Di r ich le t  problems. These r e s u l t s  a r e  l i k e l y  ..to provide a very 
adequate theory f o r  t he  e n t i r e  family of methods and are .also expected 
to se rve  as a mst valuable desiqn t o o l  f o r  methods f o r  higher order  
elliptic problems. 

0. Widlund 

2. A Model Problem on Substructures 

A topic of  much cur ren t  i n t e r e s t  m n g  computational engineering 
s c i e n t i s t s ,  numerical ana lys t s  working on sparse matrix problems, a d  

' . s o m e  computer s c i e n t i s t s  in te res ted  i n  new computer a r ch i t ec tu r e s  is 
the use of subst ructures .  A simple problem of such a kind,  a d i s c r e t e  
Laplace's equation defined on the  union. of rec tang les ,  has been 
analyzed. . . A  new preconditioned conjugate g rad ien t  method to solve  f o r  
t he  mesh var iab les  c o m n  to the  d i f f e r e n t  rectangles  has been designed 

. . 



and shown to converge rapidly. Once the values 6f those variables are 
k n m  with - enough - accuracy, the - entire . . problem can be. solved 
straightforwardly. 

0.. Widlund 

3. . ~umerical ~ e ~ o d s  for Stationary Discrete Stokes Equations 

, The use of t m  different conjugate gradient-like mthods to solve 
the large sparse, symmetric, indefinite linear system of equations 
that arise when Stokes' equation is discretized has been studied 
numerically. Test problems were provided by a Lagrangian polygon 
approximation method due to C. Peskin. The use of incomplete Cholesky 
factorizations and conjugate gradient methods was successful, in 
particular, when the approximate solution of the pressure field was 
attempted prior to that of the velocity field. 

For the sam problem, it was also shown that a large family of 
symrretric permutations can be ,found a priori which all ' assure the 
success of a LDLT factorization without pivoting. For such problems 
existing software for pivoting .for sparsity can be employed. The 
choice of pivot sequence requires information only of the graph of a 
principal sutmatrix. . s 

0.. Widlund 

4. Combustion 

The two step combustion model has been programmed for an 
alternating direction explicit method for solution of the hydrodynamic 
equations: The rrethod of Glimm is used at shock and conbustion fronts 
while a Lax-Wendrof f methcd is used in the s m t h  part of the flaw. 
Since it is hoped to apply this model to the internal corrbustion 
chamber dynamics, correct modeling of mixing processes is imprtant. 
With regard to this point, the method must allow vortical mtions to be 
correctly predicted. In ' this regard work has started on methodology 
for implementing fast Poisson and Poisson-like solvers. The work has 
proceeded on smll DEC-like computing machines rather than large scale 
computers. The goal is to achieve a computational algorithm that has a 
parallel structure which may k solved on a parallel machine. 

S. Z. Burstein 

5. Methods for Nonlinear Minimx and L1 Optimization Problems 

The nonlinear minimx problem is that of finding a pint in n 
dimensions which minimizes the maximum of m continuously differentiable 
functions. These problems are unconstrained optimization problems in 
which the objective functions are not everywhere differentiable. They 
are however well known to be equivalent to constrained optimization 
problems with differentiable objective functions and constraints. 
Indeed, if the functions were linear, the problems would be equivalent 
to linear programing problems. Nonetheless these equivalent problems 
have special features which are ignored if ';ley are solved by general 
purpose methods for anstrained optinization. The purpose of this work' 
is to provide efficient algorithms based on the best methods for 



constrained optimization but taking advantage of the special structure 
of the problems. 

Work on these problems has been continued. Working algorithm 
developed in the .investigator1 s Ph.D. ' thesis have ' . been . tested on 

. further problems and seem very promising. Various fine details of the 
algorithms have undergone further study. 

. . 

Both problems have mny applications in data fitting since they 
can be viewed as minimizing the LP and the L1 norms respectively of 
nonlinear functions. Special applications of. the minimx. problem 
include the design of circuitstand of t r ~ s f o m r s  for.per lines. 

6. A Method for Minimizing a Sum of ~uclidean' Norms 

This problem has a long history, dating back to Fermat in the 17th 
century who propsed the problem of finding a point in the plane which 
minimized the sum of the distances from it to each of three fixed 
points. This special case was solved geometrically, but the analysis 
of the problem generalized to a weighted sum of distances from one 
point to n other points was not successful until comparatively 
recently. The problem can be further generalized to that of minimizing 
a sum of m Euclidean norms of linear vector functions of n variables. 
~lthou~h a number of methods have been proposed for solving this 
problem none of them are very satisfactory since they are unable to 
deal with the essential nondifferentiabilities in the problem. Unlike 
the minimax and L1 problems, it is not apparently possible to find 
useful equivalent differentiable cpnstrained optimization formulations. 
Therefore, the approach must be to handle the discontinuities directly. 
Nonetheless, the problem is closely related to the L1 problem which is 
in fact a special case when the vectors whose' norms are to be s u d  
are actually scalars. Therefore, the algorithm to be designed will 
have many features in common with the L1 algorithm. 

Initial work has recently been done on this problem. The 
mathematical characterization of the solution to this problem has been 
investigated and a prelindnary 11el21d for its solution has been 
designed. This is a difficult problem and many details of Ltle 
algorithm have yet to be worked out. 

This problem has an enomus number of applications, including the 
single facility and multifacility location problems, which are of great 
interest to energy planners. Another quite different but important 
application is in solving the minim1 surface probla~~. 

M. OV~L-Lon 

7. TWO-Stage Iterative Methods for System of Linear Equations 

Often one wishes to solve the linear system of equations. (M - N)x 
= b by an iterative methd, where at each . step of this "outer" 

. . iteration it is i~ecessary to solve the linear systein Mz = r, the vector 
r being the current residual. . Frequently, it is also desirable to 



solve t h e  systems Mz = r by an "inner" i t e r a t i v e  procedure. W e  have 
analyzed how the  r a t e  of convergence of t h e  ou te r  i t e r a t i o n  depends on 
the accuracy required f o r  each inner i t e r a t i on ,  when the second-order 
Richardson method . i s  used f o r  the oute r  i t e r a t i on .  I n  p a r t i c u l a r ,  w e  
give a condition r e l a t i n g  the Euclidean norm of t he  inner i t e r a t i o n  to 
that of t h e  ou te r  i t e r a t i on  which is s u f f i c i e n t  f o r  mnvergence of t h e  
ou te r  i t e r a t i on .  The r e s u l t s  are appl icable  both i n  the case that M 
an3 N a r e  symroetric and i n  the  case t h a t  M is symfetric and N is 
skew-symmetr ic . 

Theoretical  ana lys i s  has been done analyzing how the  rate of 
convergence of a method f o r  solving a system of l i n e a r  equations 
depends on the accuracy required a t  each s t e p  of the  computation. A 
canputer program has been implemented showing that the algorithm is 
j u s t  as e f f i c i e n t  a s  predicted by the  theory. 

There are many appl icat ions  where very l a rge  s y s t e m  must be 
solved and the  tm-stage i t e r a t i v e  technique is the only f e a s i b l e  
method f o r  an e f f i c i e n t  solution.  These appl ica t ions  include t he  vany 
systems a r i s i n g  from the  d i s c r e t i za t i on  of p a r t i a l  d i f f e r e n t i a l  
equations. 

'C. Numerical Methods f o r  PDE's 

1.. .MHD EQuilibrium and S t a b i 1 i . t ~  

W e  have developed a computational method t o  analyze . equil ibrium 
and s t a b i l i t y  problems in  magnekohydrodynamics. Our ideas  have been 
implemented i n  s eve ra l  general  purpdse oodes which a t  t h i s  s tage are 
sophis t icated 'enough to provide a very usefu l  tool i n  the design of 
fu tu re  experiments . 

Our m i n  e f f o r t  has been on a &omugh study of equi l ibr ium and 
st.abil.ity B limits f o r  current-free s t e l l a r a t o r s .  This question has 
becom extrerrely important s ince the  new expe r imn ta l  r e s u l t s  obtained 
by t h c  Wendelstein V11-a e x p r i w n t  a t  Garching, 

W e  have extended our vacuum ccde s o  t h a t  w e  need only to  prescr ibe  
a winding law f o r  current  carrying conductors i n  the vacuum region to' ' . 

mmpute an equilibrium. This is a s t e p  closer to the  r e a l  e x p r i m n t  
and allows us t o  use the  mde to examine which configurations are mre 
des i rab le  and how w e  should produce them. 

W e  have a l s o  studied nonlinear e f f e c t s  on ballooning modes i n  
tokamaks. We have found evidence of nonlinear . s a t u r a t i o n  .and is land 
f o m t i o n .  These r e s u l t s  G y  provide some in s igh t  i n t o  r e s u l t s .  of 
current  exper imnts ,  such a s  the  ISX-B Tokamak a t  Oak Ridge Laboratory. 

W e  have a l s o  begun a cooperative e f f o r t  with H. Grad and A. 
Bayliss to develop a ccde to study 3--D'diffusion problem. 



2. Magnetohydrodynamic Theory 

The purpose of t h i s  research is to gain understanding of t h e  
s t a b i l i t y  of conducting f l u i d s  and p l a s m s  i n  magnetic f i e ld s .  I n  
pa r t i cu l a r ,  a t t en t ion  has been given to "ballooning", or 
pressure-driven i n s t a b i l i t i e s ,  and t ea r ing  modes, which involve 
m g n e t i c  f i e l d  l i n e  reconnection. Both ana ly t i c  and numerical 
approaches a r e  taken. Nonlinear, three-dimensional equations of 
notion,  w e d  on orderings i n  p a r a m t e r s  such a s  t o ro ida l  aspect  r a t i o ,  
have been derived and solved numerically. Other ana ly t i c  work includes 
the study of tear ing modes with r e s i s t i v i t y  models appropriate to 
r e a l i s t i c  plasmas. The research r e s u l t s  can be applied to 
understanding p l a s m  physics experiments p e r f o m d  f o r  DOE on tokamaks 
and s t e l l a r a t o r s ,  and may also be used to p red i c t  the e f f e c t s  of 
subs tan t ia l ly  r a i s ing  the p l a s m  pressure  i n  such devices,  a s  would be 
necessary f o r  commercially v iab le  fusion reactors .  

During the pas t  year ,  the high be ta  tokanak equations were 
expanded to  higher order. Computational s t ud i e s  of t h e  tea r ing  mode 
with f i n i t e  pressure,  "ballooning" e f f e c t s ,  began. A study was made of 
the s t a b i l i t y  of s t e l l a r a t o r s  to  pressure-driven WdD modes. 

H. R. S t rauss  

3. A Random Choice Finite-Difference Schem f o r  Hyperbolic 
Conservation Laws . . 

I n  t h i s  schem we d i f y  t he  random choice method of.Glimm by 
replacing the exact  so lu t ion  of ' t h e  Rienann problem w i t h  an approximate 
f i n i t e  di f ference approximation. Our. nod i f  i c a t i on  resolves  
d i s con t inu i t i e s  a s  w e l l  as'\Glimmls scheme, but is computationally more 
e f f i c i e n t  and is eas i e r  to extend to more general  s i t ua t i ons .  

I n  t h e  course of' analyzing our ~ t h c d  w e  estimate the  probabi l i ty  
of gross error by the  random choice mthod;  t h i s  estimate is a g r e a t  
improvement on the (alarmingly) high previous estimates.  

G l h ' s  random choice mthcd is a semi-atidiytical techr~iyue for 
ca lcu la t ing  d'iscontinuous so lu t ions  of hyperbolic systems of 
conservation laws. The main advantages of t h e  r ~ ~ t h o d  , for  numerical 
ca lcu la t ions  a re  the sharp resolut ion of d i s con t inu i t i e s  and absence of 
over and undershoots. Chorin has pointed ou t  t h a t  these fea tures  were 
decis ive  f o r  ca lcu la t ions  of combustion problems, and has made 
signi..fi.cant use of t he  mthcd  f o r  these problems. 

A drawback of t h e  method is the  need t o  solve exac t ly  many Riemann 
problems. This is a ' t i m  consuming procedure and f u r t h e m r e  s tands i n  
the  way of extending the methcd to s i t u a t i o n s  where exact  so lu t ions  a r e  
not avai lable .  Our goal is t o  show how to  replace the  exact  solut ion 
of the  Riemahn problem by an approximate one while re ta in ing  the  
advantages of G l i m m ' s  method. 

n any Depar.trwnt of . Energy p ro j ec t s  a r e  concerned with the 
ca lcu la t ion  of flows with shock waves, apa r t  from weapon design and 



weapon e f f e c t s ,  these  include the  flows i n  corrbustion and t h e  
.propagation of detonation waves. 

P. D. Lax 

4. Numerical Techniques f o r  Multiphase Fluid F l m s  

W e  have devised new n h r i c a l  procedures f o r  studying multiphase 
f l u i d  flow problems. These problems a r e  usual ly  characterized by the  
occurrence of shock f ron t s  a t  which physical  q u a n t i t i e s  a r e  
discontinuous. Such d i scont inu i t i es  cause considerable d i f f i c u l t y  f o r  
standard numerical methods.. The new techniques give high reso lu t ion  a t  
shock ' f ronts  with no numerical d i f fus ion ,  and even' highly-fingered 
unstable shocks can be studied. 

' W e  have used the  random sampling m e t h d  with good r e s u l t s  provided 
t h a t  the s p a t i a l  g r id s  a r e  aligned with the  f l u i d  flow d i rec t ion ,  which 
usual ly  requires  a change of coordinates. A shock t racking schem 
gives  exce l len t  r e s u l t q e v e n  in  problems with very high f l u i d  mobili ty 
r a t i o s .  Applications of these m e t h d s  have been made to secondary and 
t e r t i a r y  o i l  recovery and 'to gas dynamics. 

A c lose ly  associated problem is the  d e v e l o p n t  of e f f i c i e n t  
accurate  equation so lvers  f o r  e l l i p t i c  boundary value problems where. 
t he  e l l i p t i c  equation has coef f ic ien ts  which a r e  discontinuous along a 
curve. Such a. . s o l v e r .  has k , e n  developed using f i n i t e  element 
techniques. 

A l a rge  va r i e ty  of physical processes c a n  be described a s  
multiphase f1,ows. , Examples a r e  the  secondary recovery of res idua l  o i l  
from reservo i r s  by the  in jec t ion  of b r ine  ' o r .  o ther  f l u i d s  and t h e  
ex t rac t ion  of uranium by chemical leaching. Tnese f l ows . typ i ca l l y  
involve one or more in te r faces  separat ing d i f f e r e n t  media o r  phases. 
A t  such in te r faces  physical q u a n t i t i e s  may be discontinuous, f o r  

. example, pressures ,  dens i t i e s ,  or ve loc i t i e s .  These d i s con t inu i t i e s  
cause se r ious  d i f f i c u l t y  f o r .  t he  mathematical m e l i n g  of such 
processes. 

The usual f i n i t e  di f ference mthds of n m r i c a l  ana lys i s  assume 
t h a t  the  relevant s t a t e  var iab les  a r e  continuous over the  region of 
i n t e r e s t .  His tor ica l ly ,  the normal approach to  these problems has  been 

add to the equations an ex t ra  d i f fus ion  term which has t he  e f f e c t  of 
smearing ou t  any d i scont inu i t i es .  The s t a t e  var iab les  a r e  then 
mntinuous and so the c l a s s i c a l  techniques apply. While mny  physical  
processes do involve dif fusion,  frequently the  arrount of physical  
d i f fus ion  is f a r  sml,ler than would be described by the  d i f fus ion  term 
necessary f o r  the  f i n i t e  di f ference methods. For example, i n  many o i l  
reservoir  computations the  physical  d i f fus ion  is too smll to be seen 
even on a 100 by 100 s p a t i a l  g r id .  

The Uniform Sampling Method of G l k  and Chorin is capable of 
giving 'very high resolut ion of d i s con t inu i t i e s  wi. t.h no diffusion. I n  .a 
series of papers we .have demonstrated the usefulness of t h e  method i n  
the  context, of secondary oil  recovery and of gas dynamics. , This method 
was f i r s t  applied to such problems by Concus and Proskurowski. A s  has  



been pointed ou t  by A. Majda, the Uniform Sanpling Method i n  higher 
dimensions introduces an e f f ec t i ve  numerical d ispers ion i f  t he  s p a t i a l  
g r i d  is not aliqned. w i t h  the f l u i d  flow. Thus a c ruc i a l  aspect  of our 
s a q l i n g  procedures has been to f i r s t  choose a su i t ab ly  or iented g r i d  
by using a cmrd ina t e  transformation. 

Shock tracking schems assoc ia te  ex t r a  degrees of freedom with 
d i scont inu i ty  f ron t s  a s - w e l l  a s .w i th  the  f l u i d  volume. These shock 
po in t s  may be propagated .very accurate ly  by 'moving them along 
charac te r i s t i cs .  I n  our shock t racking me thd  s u f f i c i e n t  geometrical 
information is reta ined to f u l l y  resolve t h e  shock even on a subgrid 
leve l .  These mthcds  have proven very successful  when applied to 
typ ica l  oi l  reservoir  simulation problems. 

E l l i p i c  p a r t i a l  d i f f e r e n t i a l  equations descr ibe  the  pressure  
d i s t r i bu t ion  in  incompressible f lu ids .  I n  multiphase f l u i d  flows the 
m e f f i c i e n t s  of these equations a r e  l i k e l y  to  be discontinuous across  
shock f ron ts .  I n  some of our appl icat ions  the coe f f i c i en t s  of the 
pressure equation were discontinuous by f a c t o r s  of up to 100. Thus it 
is e s s e n t i a l  to have accurate e l l i p t i c  so lvers  f o r  such problems. I n  
pa r t i cu l a r ,  f o r  shock tracking schems the  f l u i d  v e l o c i t i e s  are 
required exact ly  on the shock f ron t s .  W e  have recent ly  developed an 
e l l i p t i c  so lver  w e l l  su i ted  t o  such problems. I t  u t i l i z e s  l i n e a r  
f i n i t e  elements, piecewise continuous on t r i ang les .  The gr id  is chosen 
to be a s  close to rectangular as possible  except near the d iscont inu i ty  
curves where g r id  points  are placed on the curve i n  such a way t h a t  no 
t r i ang le  is intersected by t h e  curve. The algorithm used allows even 
highly fingered curves t o  be f i t t e d  very c lose ly  by t r i a n s l e  edges, but 
with the t r i ang le  nodes re ta in ing  a sinple one to one correspondence 
with points  of a regular  rectangular mesh. 

An associated aspect  of t h i s  work is the use of advanced t o o l s  f o r  
software development. W e  have used a high-level e f f i c i e n t  programing 
language, C ,  which has  the capabi l i ty  of c a l l i n g  FOKJWW subroutines i f  
desired.  This has speeded up prcqram development and maintenance 
eno rnus ly .  Equally important has been the  software development 
e n v i r o m n t  and powerful u t i l i t y  program of t he  UNIX operat ing system. 
Final  production d e s  can be t rans la ted  i n t o  FO-. 

0. McBryan 

5. Numerical ~ e t h c d s  i n  Fluid Dynamics 

a. A t w o  layered shallow water model has been formulated for the 
a tmsphere ,  i n  order to s tudy.  t he  r a r e  occurrence of unusually high' 
winds on the  downstream ( l e e )  s ide  of mun ta in s  ( a t  Colorado Springs, 
Boulder, etc.). When the  Lax-Wendroff .scheme'  is used w i t h  a von 
Neumann-Richtmyer a r t i f i c i a l  v i s cos i t y  t e r m  r e s t r i c t e d  to apply only i n  
''.compression" regions,  it is found t h a t  f o r  ce r t a in  wind speeds 
spurious disturbances a r i s e  from a po in t  on the  upstream s i d e  of t he  
mun ta in  w i t h  one s ta t ionary  cha rac t e r i s t i c .  A t  t h i s  point  t he  bas ic  
schem is not d i ss ipa t ive .  I t  is possible  ' to avoid t h i s  de fec t  i n  
three d i f f e r e n t  ways: ( i )  el iminate  the  r e s t r i c t i o n  on the  use of t h e  
pseudo-viscosity term, (ii) use a hybrid scheme, and (iii) use a 
f i l t e r i n g .  method. The th ree  methods y i e ld  the  same so lu t ion  and thus 



. provide us with a means to  s a t i s f a c t o r i l y  fo recas t  the  occurrence. of 
s t rong winds on the  lee s ide  of mun ta in  ranges. 

b. . I n  progress is , the  study w i t h  Alvin Rayl iss  and Michael G h i l o f  
how to introduce "nmref lect ing" boundan] condit ions a t  a r t i f i c i a l l y  
introduced boundaries. I n  p a r t i c u l a r ,  w e  a r e  examining the pr imit ive  
equations o f .  meteorology i n  order to determine how best to introduce a 
"top" to the  a tmsphere  a t  a f i n i t e  height. 

c. A l s o  i n  progress is the  study of how best to introduce incomplete 
and inaccurate observations of atmospheric da ta  (e.g. from s a t e l l i t e s )  
i n t o  a numerical forecast ing procedure so as to produce better 
predictions.  This work is being done , with M. Ghil,  K. Bube, S. 
Cohn, and J. Tavantzis. 

These problems a re  unconventional, but  i m p r t a n t  i n  developing 
general  techniques f o r  t r ea t i ng  f l u i d  dynamical flows in .engineering 
applications.  

E. Isaacson 

6. Quantum Many-Body Systems . 

r work is d i rec ted  a t  exploration of computational methods i n  
quantum many-body problems. The s c i e n t i f i c  problems a r e  drawn from low 
temperature physics (p roper t ies  of helium f l u i d s  and c r y s t a l s ) ,  from 
nuclear physics (p roper t ies  of neutron and nuclear matter), and from 
chemistry (proper t ies  of l a rge  molecules). W e '  have succeeded i n  
producing methods and r e s u l t s  which a r e  computationally and physical ly  

, . mre nearly exact  than has been done before. 

The calcu.lations a r e  formulated e x p l i c i t l y  a s  many-body 
s i m l a t i o n s  and are  in tu rn  of two types. I n  va r i a t i ona l  ca lcu la t ions ,  
t r i a l  functions which approximate e i t h e r  ground state wave functions or 
densi ty  matrices are  formulated and used i n  va r i a t i ona l  p r inc ip les .  
The r e su l t i ng  many dimensional in tegra t ions  a r e  ca r r ied  ou t  by Monte 
Carlo mehods. Exact metlhods use i n t eg ra l  equation formulations 
equivalent t o  the  Schrodinger or Dloch equations; these i n t eg ra l  
equations a r e  solved by d i f f e r e n t  Monte Carlo m t h d s .  

This research is i m p r t a n t  f o r  fundamental understanding of 
quantum f l u i d s  and c r y s t a l s  including e f f e c t s  of s u ~ e r f l u i d i t y .  There 
are physical  and chemical systems t h a t  exh ib i t  quantum mechanical 
e f f e c t s  on a bulk level .  For example, the behavior of l iqu id  helium a t  
low temperatures i.s a d i r e c t  consequence of quantum e f f e c t s .  
Suprconduc t iv i ty  of e l e c t r i c i t y  is another example that d i r e c t l y  
r e l a t e s  t o  energy technology. Quantum many-body inves t ig t ions  impact 
s i gn i f i can t ly  upon chemistry through the  study of atomic forces  and 
methodologically upon problems i n  astrophysics,  i n  nuclear physics, and 
i n  the  theory of e lec t rons  i n  sol ids .  

Our survey of ex i s t ing  two-body po ten t i a l s  f o r  helium using the 
GFMC code was . coq le t ed .  The HFDHE2 p t e n t i a l  proposed by Aziz et al. 
gives an excel lent  descr ipt ion .of c~ndensed helium when three-body 
po ten t i a l s  are neglected. Analysis has begun on the t r i p l e t  



. c o r r e l a t i o n  function in condensed helium. The t e s t i n g  of t h e  Schwinger 
- .  va r i a t i ona l  methcd f o r  t he  Bloch Equation was completed and was found 

s a t i s f a c t o r y  except f o r  the  es t imat ion of t h e  k i n e t i c  energy. . The GFMC 
method was applied to d e l  three-bdy fermion systems. 

Monte Carlo ca lcu la t ions  e x p l i c i t l y  employing t r i p l e t  corr l a t i o n s  2 in t h e  va r i a t i ona l  wave function f o r  t he  ground state of H e  were 
car r ied  out .  A s i g n i f i c a n t  lowering of energy was obtained, accoilnting 
f o r  75% of the discrepancy between previous Jastrow v a r i a t i o n a l  
ca lcu la t ions  and t he  known exact  numerical r e s u l t s .  The dens i ty  
dependence of t h e  enerqy was improved and the  p a i r  co r r e l a t i on  function 
sharpened leading to much b e t t e r  aqreemnt  with t h e  exact  ground state. 

Using t he  HFDHE2 p o t e n t i a l  between helium atoms and a new. 
graphite-helium in te rac t ion ,  variational'calculations of helium f i lms  
were undertaken. Previous purely two-dimensional c a l cu l a t i ons  g ive  a 
good representa t  ion.  of our new r e s u l t s  f o r  submonolayer coverages. A t  
higher d e n s i t i e s  mul t i layer  s t r u c t u r e  is observed cons i s ten t  with 
experimental observation. 

3 Varia t ional  wavefunctions f o r  f l u i d  H e  have been improved by t h e  
inclusion of symmetric t r i p l e t  co r r e l a t i ons  and backf l o w  o r b i t a l s  i n  
'the S l a t e r  determinant. These -- espec i a l l y  t h e  la ter - lmer the  
ground state energy by about 0.6 K to -1.6 K a t  psfI = 0.277, t he  
experimental equilibrium., We have begun to expe r imn t  with a naive 
version of GFMC f o r  t h i s  problem.' This. method has t he  d i  vantage 
that the accura y f a l l s  o f f  with'computing.time as (lcq T)  -'% r a t h e r  
than the  usual T-'I2. A t  interredirate tims an estimte of t h e  ground 
state energy can be made; our preliminary r e s u l t  is -2.2 2 0 . 3  K, much 
closer to exper imnt  . 

Work continues on a mre robust  algorihm f o r  t h i s  problem. 

M., H. Kalos e t  al .  

7. Mdel ing of A l l  nys 

This research dea l s  pr imari ly  with the' p roper t i es  of matter t h a t  
is not  i n  t h e d y n a m i c  equilibrium. I n  s o l i d  systems we are 
p r inc ipa l l y  concerned with t he  development of g r a in s  i n  a l l oys  quenched 
from the  melt. This  is of g r ea t  importance s ince  t he  metal lurgical  
p roper t i es  are determined i n '  l a rge  par t .  by the inperfect ions  t h a t  
develop. Two kinds of phenomena seem to be involved. One is c l a s s i c a l  
nucleation and growth i n  which c l u s t e r s  form and grow a t  t he  .expense of 
smaller c l u s t e r s  and i so la ted  atoms. Another is "spinodal 
decompsi t ion"  i n  which random' composition is unstcible aga ins t  t he  
f o m t i o n  of ' macroscopic zones of d i f f e r e n t  compositions. I n  the 
l i qu id  vapor system, nucleation -- usua l ly  with the he lp  of impurity 
nucle i  -- is responsible f o r  t h e  f o m t i o n  of r a i n  and aerosol 
drople ts .  

Our p r i m r l y  t o o l  of invest igat ion is computer simulation of 
atomic models w i t h  some form of dynamics t h a t  d r i ve s  t h e  system toward 
equilibrium. Of necess i ty ,  the  thermdynamics of these systems' must be . ' 

investigated when they a r e  not adequately known. For a l l o y  s y s t e m ,  w e  



.use  Kawasaki k i n e t i c s  i n  which adjacent atoms a r e  exchanged when such a 
change is energe t ica l ly  favorable. For f l u i d  systems, spec i f i c  atomic 
force  laws a r e  used along w i t h  molecular dynamics as. an algorithm. 

I n  FY 1980, we  have invest igated,  v i a  Monte Carlo mmputations, 
the  phase diagram of an ordering binary a l l o y  -- equivalent to  an I s ing  
sp in  system -- on an f c c  l a t t i c e  with neares t  and next-nearest neighbor 
pair interact ions:  

H = J 1 u i u j  - a J ): criuj, u i  = + 1, J > 0. 
nn nnn 

Our s tud i e s  indicate  t h a t  this system undergoes a f i r s t  o rder  
t r ans i t i on ,  i.e., there  is a d i scont inu i ty  i n  t h e  energy and order  
p a r a m t e r s  a s  a function of temperature, f o r  values -1 5 a ,< 0.25. For 
l a rge r  values of Ial, the  t r a n s i t i o n  appears to  be continuous without 
any metastable states.' 

We have car r ied  ou t  novel computer simulations of the time 
evolution of an ordering model binary a l l o y  following quenching from a 
disordered state a t  a high temperature. The r e s u l t s  are interpreted 
using ideas of L i f sh i t z  and.of Cahn and Allen; t h e  ordering process is 
described by a k i n e t i c  equation f o r  the m t i o n  of t h e  wal l s  separat ing 
domat75 with d i f f e r e n t  orderinqs. The characte  length increases 
a s  t , and the  s t ruc tu re  function s ca l e s  a s  k 

The t i n e  scal ing f o r  the  s t i u c t u r e  function of segregating a l l o y  
t h a t  was discovered l a s t  year has .been found . to apply to a l l  our 
simulation da t a  f o r  quenches i n  the  coexistence regime. I n  addi t ion,  
recent  expe r imn ta l  da ta  on Au-Pt and Al-Zn a l l oys  a s .  w e l l  a s  l i g h t  
sca t te r ing  ' i n  binary l iqu id  mixtures were sham to exh ib i t  the sane 
regular i ty .  

. . 

M. H. Kalos 

8. Polymer Systems 

W e  study t h e  behavior of individual polymers and of systems of 
polymeric mlecu le s  by s e t t i n g , u p  s impl i f ied d e l s  of chain mlecu le s .  
W e  use rnodels t h a t  have enough of t he  f ea tu re s  of r e a l  polymers to 
prevent their mathematical solut ion by purely  ana ly t i ca l  method.s, but  
not so many t h a t  they apply to only a few s p e c i a l  systerrr;. W e  expect 
t h a t  the proper t ies  found w i l l  be .broadly cha rac t e r i s t i c ,  and w e  a r e  
pa r t i cu l a r ly  in te res ted  i n  the l i m i t  of very long chains. 

The m j o r  tool of our invest igat ion is computer modeling, and w e  
use three classes of algorithms: Monte Carlo methods f o r  the  
equilibrium proper t ies  of polymer ensembles, Monte Carlo methcds f o r  . 
the so lu t ion  of ce r t a in  stochas ' t ic dynamical d e l s ,  and m l e c u l a r  
dynamics for ,  the investigatior,i of s t r i c t l y  atomic models. These models 
a r e  co'mplementary. In  par t icular . ,  the  f i r s t  furnishes  m ecoriomical 
algorithm f o r  providing sets of i n i t i a l  condi t ions  f o r  the  second two.  



As always, w e  a r e  interested in  technical  questions a s  w e l l  a s  ge t t i ng  
nunrtrical r e su l t s .  Currently, we a r e  investigating.  the propert ies  of a 
method cal led reptat ion in  which chain mlecules move a t  random i n  a 
snake1 ike fashion. 

Bet te r  theoretical understanding of con fo rk t iona l  and ' dynamic 
e f f e c t s  i n  polymers is needed i n  their use a s  s t r u c t u r a l  mater ia ls  and - 
i n  s tud ies  of biological  macromlecules. 

During 1980 w e  car r ied  ou t  addi t iona l  simulations and analyses to 
elucidate  the  nature of the  t r ans i t i on  to a collapsed phase i n  d i l u t e  
polymer solutions.  W e  used new, more e f f i c i e n t  Monte Carlo mthcds t o  
invest igate  the  response of long chains to  s t re tch ing  forces  and the 
scal ing proper t ies  of the d i s t r i bu t ion  function of the end-to-end 
vector in the good and poor solvent regimes. 

W e  began the study of tim dependent' proper t ies  of polymer 
solutions.  

A new exact and e f f i c i e n t  Green's function method f o r  the Monte 
Carlo integrat ion of the  Smoluchowski equation was discovered. 

:9. Wantum Chemistry 

Recently,, a new program was i n i t i a t e d  to sirmlate a many-fermion 
- system by a Monte Carlo var ia t iona l  methd.  This research w i l l  a i d  the 

development of compact and accurate cor re la t ion  $unctions f o r  many 
electron atomic and m l e c u l a r  systems. The pr inc ipa l  advantage of  the  
method is t h a t  the i n t e r  e lec t ron ic  dis tance,  ri,, may be included 

' d i r e c t l y  i n  the wave function without adding significant computational 
complexity. I n  addit ion,  other  q u a n t i t i e s  of physical and theore t ica l  

. i n t e r e s t  such a s  electron cor re la t ion  functions and represen ta t ions '  of 
coulomb and fermi "holes" a r e  very e a s i l y  obtained. 

I n  FY ,198fl t.he Monte Carlo evaluation of e lec t ron ic  energies was 
car r ied  out.  Results were h t a i n e d  f o r  He, H2, a d  Li2. Those f o r  L i 2  
were pa r t i cu l a r ly  no tewr thy  i n  t h a t  an accurate energy ( w e l l  below the 
Hartree-Foch l i m i t )  was obtained using a .  ra ther  simple ' cor re la t ion  
function inaccessible to conventional quantum chemistry methods. 

10. Chemical Kinetics 

This research dea ls  with .the computer simulation of t he  individual 
m l l i s i o n s  of atoms and mlecu le s  t h a t  r e s u l t  in  chemical reactions.  
One approach to  t h i s  problem t h a t  w i l l  be used is to numerically solve 
the  c l a s s i ca l  equations of motion f o r  the  re'action of i n t e r e s t .  
I n i t i a l l y ,  the  tlypes of react ions  s tudied w i l l  be co l l i s ions  between 
atoms and molecules i n  the  gas  phase. W e  w i l l '  be . p a r t i c u l a r l y  
in te res ted  i n  reactions t h a t  a re  believed t o  occur i n  conbustion 

. . sys tern. 



!he considerable i n t e r e s t  . i n  the elementary react ions  t h a t  .'-cur 
i n  conbusting s y s t e m  stems from the des i r e  to understand and be ab l e  
to d e l  these s y s t e m  on the  m l e c u l a r  level .  The r a t e  constants of 
t h e  'component reac t ions  a r e  o f ten ,  not access ible  to expe r imn ta l  
measuremnt, so a computer ca lcu la t ion  can be of. ,great  ass i s tance  i n  
giving e s t i m t e s  of unknown r a t e  constants.  Other types of i n f o m t i o n  
ava i lab le  from a t r a j ec to ry  ca lcu la t ion  a r e  d i f f e r e n t i a l  cross sec t ions  
of the  sca t te red  product, v ibrat ional-rota t ional  d i s t r ibu t ions '  of t h e  
products, the ac t iva t ion  energy to react ion,  .and whether v ibra t iona l  - 

enhancemnt of t he  react ion r a t e  occurs. 

The de ta i led  understanding of macroscopic chemical react ions ,  f o r  
exampl.e, those i n  conbustion systems, requi res  e lucidat ion of the 
reac t ion  mechanisms a t  the microscopic leve l .  Through these 
calculat ions  predict ions  have been made both on s y s t e m  accessible  to 
exper imnt  and on important i n t e r m d i a t e  s t e p  react ions  t h a t  a s  y e t  
cannot be observed. 

During FY 1980 ,' t he  reac t ions  
.m 

' ' and 

were investigated a t  a co l l i s i on  energy of 2.88 k cal/mole. Both mass 
e f f e c t s  and proper t ies  of c o l l i s i o n  complexes'were studied i n  g rea t  
d e t a i l .  

A preliminary, one-dimensional study of v ibra t iona l  enhancemnt i n  
the  react ion o(~P) + H2 was completed. The three-dimensional 
t r a j ec to ry  code is being modlfied to introduce i n p r t a n c e  sampling i n t o  
the Monte Carlo evaluation of t h e  r a t e  in tegra l .  

Work has s t a r t e d  on an invest igat ion of t he  ion mlecule exchange 
r eac t  ion 

The react ion involves severa l  p t e n t i a l  energy surfaces  with charge 
exchange a s  w e l l  a s  react ion occurring. W e  a r e  pa r t i cu l a r ly  in te res ted  
i n  the  a f f e c t  nf reactant. vi.brationa1 energy on product v ibra t iona l  and 
t r ans l a t i ona l  d i s t r i bu t ions .  

Future' emphasis w i l l  be on simulating reac t ions  i n  quantum many 
M y  s y s t e m  by Green's function Monte Carlo. Preliminary work on the  
algorithm should begin jn FY 3.981. 



11. ADVANCED 03MPUI'ER CONCEPTS 

A. So£ tware Engineering 

1. PUMA Operating System (FOS-IT) 

Work on the second version of t he  PUMA Operating System (POS-11) 
is now almost completed. POS-I1 is a major new version of the  POS-I 
operating system which is being used to run jobs on the P W .  - 

FQS-I was the i n i t i a l  operating system wr i t ten  to a l l m  jobs t o  
run on the PMA. It was wri t ten a s  one la rge  program to  run on the  
PDP-11 and simulate requests and commands of t he  NOS operating system. 
I t  enables many programs which execute under NOS on the  6600 to execute 
on the  PIRYlA and has been in use f o r  over a year. Hmever, it does not  
support enough of the  requests of NOS to allow program compilation and 
developnent. 

To allow more . varied use of the  PUMA, a new operating system, 
FQS-11, was developed. This operating system is composed of mult iple  
tasks  which a re  a n a l q o u s  to the PP programs on a 6600 running NOS. 
These tasks  are synchronized by the  RSX11-M operating system running on 
the PDP-11. Because of the f l e x i b i l i t y  afforded by t h i s  approach, 
these tasks  are able  to implement a much l a rge r  number of operating 
system requests. Specif ical ly ,  enough,of the  NOS system requests a r e  
supported to allow the FORTRAN compiler and loader and miscellaneous 
system u t i l i t i e s  such a s  COPY and UPEATE to  execute. Also, a l l  of t he  
m n t r o l  statements which J?OS-I1 supports w i l l  be executed by the s a m  
cen t r a l  program which provides t h a t  function under NOS, thus assuring 
ampa t ib i - l i t y  a t  the  control  statemt leve l  i n  addit ion to the system 
request l eve l .  

I n  addition., because of t he  f l e x i b i l i t y  of t he  RSX11-M o p r a t i n g  
. . system, multiple jobs m , b e  run concurrently on the PUMA although 

minim1 scheduling w i l l  be provided i n i t i a l l y .  
. .  . 

Most of the c d e  required f o r  POS-I1 has been wr i t ten  and 
debugged. We now are able  to run multiple copies of a batch job which 
compiles, ' l inks ,  and executes a benchmark program simultaneously. 

Most of the  remining  work involves adding support f o r  some system 
c a l l s  whose need w e  did not an t ic ipa te  and adding a rudimentary 
acco~ulting system. In  addit ion,  we plan to develop u t i l i t i e s . t o  allow 
easy use of the  system by its users  and to allow use of the  PUMA by 
users  on the K k  by use of DECnet. ' 

J. T. Schwartz 
. 

2. Architecture and Software of Large-Scale P a r a l l e l  Computer Sys tem 

The Coclrant I n s t i t u t e  has recent ly  undertaken a subs t an t i a l  
research e f f o r t  i n  the area of large p a r a l l e l  computer systems. W e  a r e  
studying a number of s c i e n t i f i c  appl icat ion codes, converting them to 
p a r a l l e l  proqrams m d  invest igat ing the  e f f e c t  of a l t e rna t ive  
a rch i tec tures  and programming s t y l e s  on t h e i r  p e r f o m n c e .  W e  have 



' a l s o  studied a number of mre fundamental algorith& and t h e i r  r e l a t i o n  
to p a r a l l e l  a rch i tec tures ,  pa r t i cu l a r ly  the  processor interconnection 
networks. Much of our m r k  focused on the use of the  ,"perfect shuff le"  
network -as a processor interconnection network. 

Our involvement with the p r o j e c t .  has k e n  in a s s i s t i ng  i n  the  
development of the  pa ra l l e l  simulator and .emulator and i n  preparing 
designs f o r  a small-scale p a r a l l e l  processor array.  A p a r a l l e l  
s imulatorr is  current ly  operational and being used to debug and evaluate 
some small . s c i e n t i f i c  applications.  A microprogram which w i l l  enable 
the PUMA to  emulate an array of p a r a l l e l  processors is current ly  being 
prepared; t h i s  emulator ' w i l l  make use o f . t h e  P W  writeable control  
store, which was recently completed.  The e f f o r t  of desi9ning.a small 
p a r a l l e l  processor array,  to  test our hypotheses f o r  hardware and 
software,design,  has j u s t  s t a r t ed ,  so only the mst preliminary of 
designs have been prepared. 

3. Data F l w  Analysis Techniques f o r  Program Test Data Select ion 

W e  have developed a family of software test da ta  se lec t ion  
c r i t e r i a  i n c o r p r a t i n g  da ta  flow ana lys i s  techniques.. Whereas these 
techniques a r e  commonly used i n  conpiler optimization, program test 
da ta  se lec t ion  criteria have generally r e l i e d  so l e ly  on the program's 
control  flow. I n  general ,  a progam is considered adequately t e s t ed  
provided a set of test data has been dcvclopcd which f u l f i l l s  the  
s ta ted  c r i t e r i o n  and such t h a t  each input i n  the set. has yielded the 
correct output. 

W e  a r e  current ly  camparing the cost and effect iveness  of test da ta  
select ion c r i t e r i a  based so le ly  on the program's control  f P w  and our . 

newly defined c r i t e r i a .  Since our c r i t e r i a  properly sukume these 
' standardly used c r i t e r i a ,  w e  a r e  interested i n  t rying to character ize  
t he  types of errors our c r i t e r i a  a re  able  to reveal which a r e  not 
e x p s e d  by the usual c r i t e r i a .  I n  addit ion w e  a r e  considering the cost 
i n  terms of addi t ional  tests needed to f u l f i l l  our c r i t e r i a .  

E. Weyuker 

B. Distributed System 

1. Distributed Systems and'liesource Sharing 

This a c t i v i t y  focuses on the  inp l ica t ions  . of a geographically 
dispersed,  multicomputer environment on communities. of s c i e n t i f i c  . . .. 

users. The role of the  small computer . , i n  la rge  scale computational 
d e l i n g  is a l so  being studied. 

. The approach being taken is es sen t i a l l y  exper imnta l -  and cons is t s  
of:  ( a )  providing a var ie ty  of .computer f a c i l i t i e s  to the  04CL 
c m u n i t y  of .users ;  (b )  acquiring arid devising means t o . e a s i l y  enable . . 

communication , amng the various hardware and so£ tware elements 
.. comprising the co l lec t ions  of f a c i l i t i e s ;  (c) discovering and 



implementing access methods t h a t  reduce t h e  impact on the  user  of the 
oomplexity inherent  i n  multicomputer environments. 

A network cons i s t ing  of t h e  W-11/780 and four  PDP-11 computers 
has  been aonfigured. The PDP-11 s y s t e m  provide paths to the  IUiPANFT, 
the on-si te CDC-6600, and the  l oca l l y  developed PUMA computers which 
are CE-6600 emulators. Thus program development, ana lys i s  of r e s u l t s ,  
and job execution may be separate ly  assigned to the  var ious  systems by 
t h e  user. 

The implementation of t h e  second vers ion of  t he  PUMA operat ing 
system (FOS) is near completion. Although POS can run independently, 
t he  design a s sums  t h a t  it w i l l  e x i s t  i n  a multicomputer environmnt  
and t h a t  the  user w i l l  d i s t r i b u t e  h i s  t ask  over more than one system. 
Thus t he  f u l l  range of operat ing system f a c i l i t i e s  need no t  be 
ava i l ab l e  on t he  PlMA i t s e l f .  

A 300 megabyte d i sk  s torage u n i t  has been connected to the  PUMA 
PDP-11 satellite. I n  addi t ion to providing on-line s torage f o r  PUMA 
use, t h i s  d i sk  is used f o r  s taging da t a  t o  the  VAX-11/780 through t h e  
aommunication network. 

Early ana lys i s  and planning f o r  an advanced system interconnection 
method has been s t a r t ed .  

E. E'ranceschini and M. Goldstein 

2. Systems Programing and User Services: CDC-6600 . 

a. Software Maintenance 

Software maintenance took t h e  form of i n s t a l l a t i o n  of cor rec t ive  
code provided by so f twa re~supp l i e r s ,  t rouble  shooting system f a i l u r e ,  
diagnosing and. correct ing program e r r o r s ,  and ' designing and 
implemnting modifications f o r  improved system performance. The major 
systems and program rmintained were: 

NOS @erat iny S y s k m  
Remote Entry System 
Wlecomrnunications control  software 
Indiana Univesity permanent f i l e  mnaqement system 
Graphics subroutine packages and u t i l i t i e s  
NYU l i b r a r y  of subrou t inesand  u t i l i t y  programs 
W cross-assembler f o r  Honeywell series 16 minicorrputers 
Compilers f o r  var ious  languages, e. (4. FORTFGdJ, W I C  , ALGOL , 

SNOBOL, LISP. 

b. User Services 

Expert he lp  is ava i lab le  to provide education,  advice, and a i d  i n  
diagnosing computational problems. 

System b u l l e t i n s  a r c  issucd . t o '  provide u se r s  with i q n r t a n t  
information in a timely manner. 



. . 

A l i b r a r y  of user supplied programs is maintained to f a c i l i t a t e  
i n t e r  user exchange. 

Documentation of program and submut i e s  ava i lab le  . a t  t he  
' Laboratory is kept i n  machine readable form f o r  ease of maintenance. 

E. Franceschini and M. Goldstein 

3. Systerrr; Programming and User Services: W-11/780 

a. Software Maintenance 

Software maintenance consisted of i n s t a l l a t i o n  of cor rec t ive  code 
supplied by Dig i ta l  Equipment Corporation (DEC) and i n s t a l l a t i o n  of a 
completely new version of VMS, DEC1s VAX operating system, along with 
several  DEC product offerings.  Study and exper imnta t ion  were devoted 
to configuring the VMS operating system p a r a m t e r s  to  provide e f f i c i e n t  
se rv ice  and resource u t i l i z a t i on .  I n  pa r t i cu l a r ,  a " f i e l d  test" 
version of DEC1s network support product, DECnet, was i n s t a l l ed  and 
cur ren t ly  is being evaluated. In  addi t ion,  1ocall.y-developed products, 
such as a powerful e l ec t ron i c  mil system and an adequate disk backup 
f a c i l i t y  were wr i t t en  and made operational.  (These developments a r e  
mentioned here because they represent  d i r e c t  extensions to or 
rep lacemnts  of standard operating system f a c i l i t i e s . )  A commercially 
ava i lab le  version of the  C Programming Language was i n s t a l l ed ;  i n i t i a l  
t e s t i ng  and m d i f i c a t i o n  made it rapidly  operational.  

b. Software Development \ 

Continuing e f f o r t  has improve t h e  VAX-to-ELF (ARPANET) in te r face ,  
and a new, higher-speed , m r e  r e l i a b l e  i n t e r f  ace is being implemnted . 

The LBL version of the  "Software Tools" was i n s t a l l ed  w i t h  severa l  
subs t an t i a l  improvements. I 

Preliminary design, of an enhanced accounting and ' acdounts 
management system f o r  VMS was b g u n ,  

c. User Services 

Users of t he  WiX w e r e  provided with advice, d i r e c t  ass i s tance ,  and 
l imited i n f o m l  education. Timely operat ional  and systems b u l l e t i n s  
were del ivered to users  v i a  the  mail system mentioned above. Direct 
c a p e r a t i o n  was encouraged m n g  users  i n  the  arcas of prograrw and . 
data-sharing, interchange of experience and exper t i se ,  a d  cooperation 
in the use of ' resources .  VAX/VMS operatinq system f a c i l i t i e s  and the  
locally-developed mail system support w e l l  such cooperation. 

E. ~ r a n c e s c h i n i  and M. Goldstein 



. . 

C. High P e r f o m n c e  Systems 

1. Studies  of Large Scale P a r a l l e l  Conputation 

We have continued our s t ud i e s  of highly p a r a l l e l  a r ch i t ec tu r e s  and 
associa ted softvmre systems. Our software considerat ions  have'begun to 
be influenced s ign i f i c an t l y  by stuc?y of an i n t e r e s t i ng  a r ch i t ec tu r a l  
propsal made by Burroughs Corporation t o  t h e  NASA Ames  Laboratory, 
which envisages a .  machine more l i k e  our 'paracomputer' than our 
'ultracomputer' m d e l  of parallelism. Shuffle-based ultracomputer 
algorithms supporting important paracomputer p r imi t ives  have been.' found 
by our group, a d  w e  are beginning t o  shape a view of  sane of t he  
a r ch i t ec tu r a l  d e t a i l s  of an ultracomputer/paracomputer. A series of 
so£ tware simulations of p a r a l l e l  va r ian t s  of severa l  important 
s c i e n t i f i c  appl icat ions ,  taken frc!ii t h e  no rm1  CIMS job stream, has  
begun. 

These s tud ies ,  i f . success fu1 ,  w i l l  prepare f o r  t he  construct ion of 
super-large computers a t t a i n i n g  f l oa t i ng  ins t ruc t ion  rates measured i n  
t he  t ens  of b i l l i o n s  of i n s t ruc t i ons  per  second. 

J. T. Schwartz 

2. Computer Systems Design Automation 

Over t h e  past several  years  we have developed a powerful set of 
t o o l s  f o r  the specif icat ion, ,  s imla t j .on ,  automatic wiring,  and t e s t i n g  
of l a rge  d i g i t a l  systems. I n  order  to exercise  these  tools and to 
augment . the  computing power of our laboratory,  w e  designed a 
rroderately-large-scale s c i e n t i f i c  conputer sy s  t e m ,  the  PUMA.  his 
processor is code compatible with . the  Control Data 6600 c e n t r a l  
processor,  and executes a t  40-80% of  t h e  speed of t h e  6600, depending 
on t h e  code being run. Imadd i t i on  to the  prototype,  two processors 
have been completed to date ;  one is cur ren t ly  running production, while 
t h e  o ther  is being used f o r  operating system and hardware development. 

The .  main addi t ion to the  PWLA is a writeab1.e con t ro l  u n i t ,  which 
was designed, constructed,  and t e s t ed  t h i s  year.  Concomitant 
'improvements i n  t h e  microprogram assembler and o the r  PUMA u t i l i t y  
software have a l s o  recen t ly  been completed. This new cont ro l  u n i t  w i l l  
f a c i l i t a t e  use of the PUMA by Brcokhaven National Laboratories w i t h  
their emulated per ipheral  processors. I t  w i l l  also enable u s  to use 
t h e  PUMA a s  an emulator f o r  parallel :  processor a r rays ,  as p a r t  of our 
research i n t o  the  a r ch i t ec tu r e  and sof t-ware of highly  p a r a l l e l  systems. 



111. RELATIONSHIP UlFER PROJECrS . 

' A. DOE Laboratories and.Contractors ,  Govemmnt Agencies, :Industry, 
un ivers i t i es , .  ard In te rna t iona l  E n t i t i e s  

' I  
. . 

. . 
0. Betancourt 

Close col laborat ion continues with the Wisconsin stellarator group 
headed by J. L. Shohet. This includes col laborat ion on the  design o f  
a fu tu r e  s t e l l a r a t o r  a t  Wisconsin. w e  also continue,  and i n  t h e  near 
fu tu r e  w i l l  expand, col laborat ion with ORNL to study 3-D problems. We 
have j u s t  begun developing con tac t s  with Japanese s c i e n t i s t s ,  
spec i f i c a l l y  Wakatani and U o  i n  Kyoto and Nagao i n  Sendai. I n  October 
1980 we par t i c ipa ted  i n  the  Japan-USA S t e l l a r a t o r  Workshop. F r u i t f u l  
dialoque continues with G e m n  s c i e n t i s t s  a t  Garching, including 
~ u h r e & e r ~  and Wobig. 

R. Burridge 

Extensive in te rac t ion  with t he  o'il industry  and with Be l l  
Telephone Company. 

S. 2.' Rurstein 

Consultation continues with P. C rmley  and' W .  Nah of U. 

E. ~ r a n c e s c h i n i  and M. Goldstein 

r consideration of the  user  impact of d i s t r i bu t ed  s y s t e m  is 
closedly  r e l a t ed  to research i n  command languages f o r  d i s t r i b u t e d  
s y s t e m  a t  LBL. The w r k  on advanced interconnection m e t h d s  is a l l i e d  
to work being undertaken by QARPA. W e  are working with the  Naval 
Laboratories Committee on Computer Networks (NALCON) i n  c e r t a i n  
spec i f i c  aspects  of t h e  in tereonnect io~i  protocol effort. 

Close contact  w i t h  BNL i n  t h e  development of an emulator f o r  CCC 
6600. per ipheral  processors,  to be used i n  conjunction with t h e , P W .  

' 

This  emulator w i l l  permit t he  use of unmodified Control Data operat ing 
s y s t e m  on t he  P W .  A PUMA j u s t  del ivered to BNL w i l l  be coupled to 
the per ipheral  processors being b u i l t  there .  

M. H. Kalos 

Kalos' team maintains contacts  with R. Alder and D. Ceperly, 
LLL; ;J. . C a l m ,  I. Sanchez at .dP. H. Verdier ,  NES; L. Campbell, 
IASL; J. - T. Muckemn and. P. Krqer , RNL. Imurnerable exchanges 



, . take place with industry and with academic i n s t i t u t i o n s  both here and 
abroad. 

. . 

. .P. D. Lax 

Active i n  the following: Advisory Committee, ICASE, NGA-Langley 
Research . Center, Hampton, Va. ; v i s i t i n g  Committee f o r  Mathematics, 
Harvard University; T-Division ~ d v i s o r y  Committee, W5L; Computer 
Science Department .Committee, Stanford University; ORNL Committee; 
~ d v a n c e d c o d e  Review Group, NRC; National Science Board member.  The 
work ,**On the Notion of Hyperholicity" would be of i n t e r e s t  to 
researchers i n  two-phase flow a s  applied to  reac tor  accidents;  such 
work is sponsored 'by IDE and NRC a t  LASL, BNL, Idaho Laboratory, and 
EPRI. The m r k  w i t h  A. Harten on hyperboiic conservation l a w s  is 
relevant  to the conbustion research conductedby A. Chorin a t  LBL, P. 
Colel la  a t  LLL, researchers a t  LASL, and NASA researchers  at. AMES and 
Lang ley. 

0. McBryan 

Much of the  research on multiphase flows has  been done j o i n t l y  
w i t h  J. G l h  and E. Isaacson, Rockefeller University, and D. 
'Marchesin, Pont i f ic ia  Universidade Catol ica  do Rio de Janeiro.  
Currently, w e  a r e  working close'ly w i t h  D. Sharp, Theoret ical  Physics 
Division, W L .  Close ties e x i s t  with several  o i l  c o r p r a t i o n s ,  f o r  
example, Exxon and Chevron, t h a t  a re  in te res ted  i n  t he  mre applied 
aspects  of the work. Contact with var ious  un ivers i ty  research groups 
working on s imi la r  problems, f o r  example, a t  t he  Universi ty of Chicago, 
~ n i v e s i t y  of Calif  o m i a  , Berkeley, and R i c e  University. 

M. Overton' . 

Collaboration w i t h  W. Murray, systems Optimization 'Laboratory, 
and G. Golub, Computer Science Department, both a t  Stanford 
.University. 

R. D. Reitz 

Information exchanges with DISC Engine group, the cooperative 
e f f o r t  between. governrent l abora tor ies  and General Motors Cop .  
Collaboration is ant ic ipated with t he  DOE s u p ~ o r t e d  team headed by F. 
V. Rracco a t  Princeton,-which carries out  expe r imn ta l  and theo re t i ca l  
s t ud i e s  of rnultidinensional i n t e rna l  combustion engine mdelilig. 

J. T. Schwartz 

' ~ u r  p a r a l l e l  a rch i tec tura l  concepts were p e s e n t e d  during the pas t  
year in  l e c tu re s  given a t  LLL and a t  MSL, and ]lave served to heighten 
awareness of the possible  appl icat ions  of p a r a l l e l  csrrputing there.  
Lectures on our work were delivered.  during June a t  NASA Gcddard, and 



found to be of ac t i ve  i n t e r e s t  by t h e i r  p i c t u r e  processing and 
simulation groups. Active contact  has  a l s o  been maintained with the 
FMP group a t  Burroughs Corporation, and the large Systerns Architecture 
group a t  IBM Research. Presentat ions  of our m r k  were made a t  MIT, a t  
m t g e r s  Univesity, a t  the  University of Manitoba i n  Canada, and a t  a 
NASh Langley organized Symposium on Large Scale Computation. 

H. R. . Strauss  

me MHD theory research is c lose ly  r e l a t ed  to  DOE p ro j ec t s  i n  
cont ro l led .  fus ion and is ca r r i ed  ou t  i n  p a r t  i n  col laborat ion with 

I 

workers a t  the  Plasna physics Laboratory a t  Princeton, a t  t he  MFD 
Division a t  the  Courant I n s t i t u t e ,  and a t  the  Fusion &search Center a t  
the  Univesity of Texas, Austin. 

0. Widlund 

I n  the  DOE community, contacts  are maintained with the  numerical 
analysis  group a t  Stanford University, i n  pa r t i cu l a r  Gene ~olub; a t  
Berkeley with A. Chorin, 0. Hald, and P. Concus; a t  the  Univesity of 
Texas, Austin, with D. M. Young; a t  ORNL w i t h  D. Sco t t  and P. 
Gaffney; a t  LASL with B. L. Buzbee. .The capacitance matrix 'methds  
we have developed are .used by industry. Contacts a re  maintained with 

. . J. Cooley, J. Cullum, and R. Willoughby, IBM Laboratory a t  Yorktown 
Heights. Exchanges continue with H. Kreiss, Cal. Tech.; I. Babuska, 
D. P. OtLear-\l, and B. Kellog, Universi ty of Maryland; Computer. 
Science Departmnts i n  Stockholm and Uppsala Univers i t ies ,  Sweden; R. ' 

Glowmiski and B. Mercier, INRIA, PBris. Collaboration continues w i t h  . 
W. Proskurawski, University of Southern Cal i fornia .  



B. Courant Institute and New York University 

The Laboratory has many ties with other research groups.within the 
Courant Institute and New York University. The interrelationships take 
the form of reciprocal theoretical support, sharing of computational 
expertise and resources, and the training. of personnel to apply 
advanced mathematical and computer methds. Within this purview the 
Laboratory has lent support .to the following projects and researchers: 

1. Courant Institute 

Stochastic Aspects of Atmospheric Behavior 
Shock Formation in Gas Pipelines 

Flaw Patterns Around Heart Valves 

Regulation of Ovulation Number in M d s  

Renal Control Mechanisms 
Combinatorial Georretry 
Application of Ray Theory to Ship Waves 

M. Ghil 
D. Marchesin and 
P. J. Paes-Leme 

C.S. Peskin, D.M. McQueen 
and A. Wolfe 

C.S.Peskin, H.M. Lacker 
and J, Percus 

C.S. Peskin and E. Kogrou 
R. Pollack 
L. Ting 

. 2, New York.University 

Employing vaporized Fuel for the Enhancemnt 
of. the Hydrocarbon Efficiency A. 

Theoretical Computation of Nucleic Acid 
Conformations 'by Classical Potential 
Energy Methods S. 

Non-Additive Contributions to Preferred 
Orientations of Water Molecules E. 

Bed Expansion and Heat Transfer Modeling 
and Correlation Studies in a Pressurized 
Coal Fired Fluidized Red G. 

The Development of Accurate and Compact . . 

Correlation Functions for ivIany Electron, 
Atomic, and Molcular System J. 

Organic Chemistry in Interstellar Clouds Y. 
Linguistic String Project N. 
bWel of the World Economy D. 
Theoretical Studies of Carcinogens C. 

Agnone 

Miller 

W. Moskmitz 
E. Rhcdes 
Sager 
B. Szyld 
Underwood 



C .  Resource Sharing: C E  6600 computer System 

The Laboratory maintains and apera tes  a CIX 6600 computer system. 
Excess time on the. 6600 is made ava i l ab l e  t o . o t h e r  D3E con t r ac to r s  and 
government agencies. 

During FY 1980, t ime.  ava i lab le  on t h e  6600 w a s  a l loca ted  as 
f ollms : 

Courant Institute/DOE 82.1% 
JBE Research Divisions 3.5  
~ & / ~ e d e r a l  G o v e m n t  Af f i l i a t  ions  3.2 
Other Universi t ies/Federal  G o v e r m n t  4.8 
Federal G o v e m n t  Agencies 6.4 

About 35 non-DOE Federal agency con t rac tors  were' a l loca ted  1600 
hours of computer time a s  foll.ows: 

Defense Nuclear Agency (DNA) 
E n v i r o m n t a l  Protect ion Agency (EPA) 
National Aero. Space Admin. - (NASA) 
National Cancer I n s t i t u t e  (NCI  ) 
National I n s t i t u t e  of Health ( N I H )  
National Science Foundation. (NSF ) 
Office of Naval Research (ONR) . ' 

A l l  Others 



i 

IV. SEMI- 

During FY 1980, CMCL sponsored a series of seminars i n  Numerical 
~ n a i ~ s i s  and i n  Computer Science. The t op i c s  and speakers follow: 

. " 

Numerical Analysis Seminars 

"Adaptive Zoning of t h e  Computational ~ e s h "  
J:Brackbill 
CIMS 
Oct. 5, ,1979 . . .  

"On the  Coupling of Boundary In t eg ra l  and Element Methods" 
C. Johnson 

. Chalmers I n s t i t u t e  of Technology, mteborg ,  Sweden 
Oct. 12, 1979 

"Application of a Multiyrid Al ternat ing b i r ec t i on  Method 
to Transonic Flav Calculations" 

A. Jameson 
CIMS 
Oct. 19, 1979 . . 

"Inplicit Versus Exp l i c i t  Scheres f o r  ~ e t e o r o l o g ~ "  ' 

: . E. Isaacson 
1 CIMS 
s . . . Oct. 26, 1979 
. . 

"Boundary Conditions f o r  E l l i p t i c  Problems i n  Exte r io r  
Domains" 

A. Bayl iss  and E. Turkel 
ICASE and CIMS . 

Nov. .2,' 1979 

"Radiation Boundary Condition f o r  Seismlogy and 
Unsteady lPrclnsonic F l m "  

A. Majda 
Universi ty of Ca l i fo rn ia ,  Berkeley, and CIivlS 
Nov. 9, 1979 

"Reactive Systems with and Without Diffusion" 
A. Chorin 
Universi ty of Calif  o ~ m i a  , Eerlccley 
Nov. 16, 1979 



"&liable  Error  E s t i m t e s  and Adaptive Procedures i n  t he  
F i n i t e  Element Method" 

I. Babuska 
Universi ty of Maryland 
Nov. 30, 1979 

''The F i n i t e  Element Method w i t h  Mesh Refinement 
f o r  Unbounded Domains" . . 

C. Goldstein 
Brookhaven National Laboratory 
Dec. 7 ,  1979 

"Difference Methods f o r  Initial-Boundary-Value Problems 
and Computation. of Flow Around Bodies" 

Yu Lan Chu 
Chinese .Academy of Sciences 
Dec. 14, 1979 

"Large Unsymmetric Sparse Eigenvalue Problems" 
F. Chate l in  
Grenoble Universi ty 
Feb. 15, 1980 

I "A Random Choice Finite-Difference Scheme f o r  
yrperbol ic  Conservation Laws" 

A. Harten 
Tel Aviv' Universi ty 
Feb. 22, 1380 

. "Fractional  S tep  Methds f o r  Multidimerlsional Wo-Phase 
Flow" 

B. Stewart 
Brookhaven b at ional Laboratory 
Feb. 29, 1980 

. "Structure and I n s t a b i l i t y  on the  New Minimal 
Fourier  Transform Algorithms" 

E. Feiq 
m 
March 7, 1980 

"Computing the  Shape of a Slender Stream of Fluid" . 
J. Strikwerda 
ICASE 
March 14, 1980 

"The Tnfini te  Element Yethod" 
Ying Lung-An 
Peking Universi ty and CIMS 
March 21, 1980 



"Point Cyclic Reduction Methods" 
E. Detyna 
Universi ty of Reading, England 
April 11, 1980 , 

"Ekquidistributing Meshes w i t h  Constraints" 
J. Kautsky 
Fl inders  Universi ty of South Aus t ra l i a  
April 18, 1980 . . 

"Sparse Matrix Calcula t ions  and Their  Application to 
a Model of t he  World Economy" 

D. B. Szyld 
CIMS 
Apri l  25, 1980 

"Cbwe F i t t i n g  by Comu Spira ls"  
J. Stoer  
Universi ty of hbrzwig and National Bureau of Standards 
May 2 ,  1980 

"Computable Error Bounds f o r  Linear Systems" 
G. Golub 
Stanford Universi ty 
May 9, 1980 . . 

"Cptimiza'ij.on Algorithms Based on Rational  Approximation" 
.J. Nmedal 
Universi ty of Pqexico and CIMS 
May 16, 1980 

Computer Sci.ence Seminars -- 

"Minimx and L1 ~pproximat ion P;oblems and Relat ions  with 
Ma t h e m  t i cal Programing" 

M. Overton 
CIMS 
Oct .  5, 19'79 

"Problems of I n d u s t r i a l  Robots" 
J. Meyer 
T. J. Watson Eesearch Center IBM 
Oct. 11, - 1979 

"Computing i n  C h i ~ a :  A R e p r t  of a Year a t  Qunghua 
Universi ty,   eking ,' China" 
E. Chi 
CUNY 
Octi 19, 1979 



"Ractical Simplification" 
D.. C. Oppen . . 

. . 
Stanford University 
Nov. 2, 1979 

"Choosing an Efficient Storage Structure" 
F. Tompa 
University of Waterloo 
Nov. 9, 1979 

"Bounds on the Performance of Communication Protocols" 
N. Pippenger 
T. J. Watson Research, Center, IBM 
Nov. 30, 1979 

"An Abstract Theory of Machines" ' 
S. Amoroso 
Fort Monmouth , N. J. 
Dec. 7, 1979 

"On Specifying Verifiers" 
V. Pratt .- 

MIT 
Dec. 14, 1979 

"Algorithmic Infomtion Theory and Foundations of 
Probability Theory" 

TI. Levin 
MTI 
Feb. 8, 1980 

. . 
"Three Directions of General Computational Complexity Theory" 
L. Levin 

. MIT 
Feb. 8, 1980 

"Asyrptotic Analysis of the Gatlinburg Seating Problems" 
B. Aspvall 
stanf urd Uliiversity 
Feb. 12, 1980 

"Sensitivity Analysis of Combinatorial Optimization" 
. D. Fusf ield 

University of California, Berkeley 
Feb. 22, 1980 

"Statistical Analysis Using Partitioned Data Bases" 
M. Dlattner 
National Science Foundation 
Feb. 25, 1980 



"Applications of a Cellular Cecmposition Algorithm to 
Logic Mathematics and Coquter Graphs!' . 

D. Arnon 
University of Wisconsin 
Feb. 27, 1980 

"On Reliability in basely Coupled Systems" 
S. Smliar 
General Research Corporation 
March 4, 1980 

"Generalized Netwrk Flows with an Application to 
Multiprocessor Scheduling" 

C. Martel 
University of California, Berkeley 
March 7, 1980 

"Isomorphism for Graphs Embeddable on the 
Projective Plane" 

D. Lichtenstein 
University of California, Berkeley 
March 10, 1980 

"Finite. Reversal Mu1 ticounter Machines" 
Tat-Hung Chan 
Cornell University 
March 12, 1980 

"Alternating Multihead Finite Automata" 
K. N,. King 
University of California, Berkeley 
March 14, 1980 

"Program Ver.if ication and user Defined Data Types : 
. New Developments in the Cornell Program Verifier" 

R. Constable 
Cornell University 
March 14,19,21, 1980 (Parts 1 , ? , 3 )  

"Network Reliability Analysis" 
R. Van Slyke 
Network Analysis Corporation 
March 24, 1980 

"Opti~rturn Coalesced Hashing" 
. J. Vitter 

S t a ~ l f  urd University 
March 25, 1980 



i'Alg~rithm Analysis &. Reduce ~nterconnectioi Compl&ity 
on Limited Interconnection Networks and VLSI Architecture" 

. R. Kuhn 
University of Illinois at Urbana-Champaign 
March 24, 1980 

."Preseming Functional Dependencies" 
P. Honeyman 
Princeton University 
April 7, 1980 

"A Subexponential Algorithm, for Cubic Graph Isomrphism" 
M. Furst 
Comell University 
April 10, 1980 

"Knmledge Insensitive Theorem Proving and Learning" 
'D. Cohen 
Carnegie-Mellon 
April 11, 1980 

"Organization and Retrieval from Long-Term Episodic Memory" 
J. Koldner 
Yale University 
April 14, 1980 

"Logic as a Computer Language" 
R. Kowalski 

, Imperial college', London 
' . April 17, 1980 

"Abstraction and Efficiency: The Interaction of Language and 
Analysis " 
M. Shaw 
Carnegie-Mellon 
April 17, 1980 . . 

"Expression Procedures and Program Derivation" 
W. Scherlis 
Stanford U~~iver-sity 
May 1, 1980 

"The Russell Language: A Novel Treatment of Data Types" 
A. Demers 
Comell University 
May 16, 1980 

"The Semantics of the Universal Instance Database Model" 
E. Scione 
Princeton University 
May, 20, 1980 

"Progrmming by Trans formation" 
J. Da-lington 
Lur'lrlon University 
May 19, 2 3 ,  1980 - Parts 1, 2 



1. F. ' ~ a u e r ,  0. Betancourt, and P. R. Garabedian. 
Nonlinear Magnetohydrodynamic S t a b i l i t y .  
physics of Fluids. To appear. 

2. F. Bauer, 0. Betancourt, a d  P. R. Garabedian. 
Numerical Studies  of New S t e l l a r a t o r  Concepts. 
Jour. Comp. Phys. 35:341-355, May 1980. 

3. F. Bauer, 0. Betancourt, P. R. Garabedian et a l .  
Recent Proqress ' in  Torsat ron/Ste l lara tor  Research i n  the  USA. 
.IAEA 8th In te rna t iona l  Conference on Plasrna Physics and Controlled 

Nuclear Fusion Research, Brussels,  Ju ly  1980. 

4. 0. Betancourt. 
MHD F q i l i b r i u m  and S t a b i l i t y  f o r  an R = 2 ,3  Ste l l a r a to r .  
Proceedings of In te rna t iona l  Conference on Plasma Physics, 

Nagoya, Japan,. Apri l  1980. 

5. R. Burridge. 
 he Gelfand-Levitan, Marchenko, and Gopinath-Sondhi In t eg ra l  % 

Equations o f ~ n v e r s e  Sca t te r ing  Theory Viewed i n  +he Context of 
Inverse Impulse-Respnse Problems. 

Wave Notion, O c t .  1980. I n  press. . '  

6 .  E. Franceschini. 
Experiences wit!! Teleconferencing and ~ l ec t i - on i c  Mail. 
Proceedings of U.S. DOE AESOP XXI Conference, Cincinnat i ,  

. Ohio, May 1980. 

7. E. Franceschini. 
Performance of t.he L R X - 1 1  Computer f o r  Typical EClE 

Computational Models. 
I n  preparation.  

8. P. R. Garabedian. 
. Mq1-,etic Flux Surfaces i n  a S t e l l a r a t . 0 ~  Field.  

Jour. dlAnal. Math. 36:44-49 (1979). 

9. J. Glinnn, D. Marchesin, and 0. McBlYn. 
A Numerical Method f o r  Tko-Phase Flaw with an'Unstab1.e In te r face .  
J. C o q .  Phys . . To appear. ' 

10. J. ~lik, D. Marchesin, arid 0. McBryan. 
A Shock Tracking Method f o r  H p r b o l i c  Systems. 
Proceedings of Army Numerical Analysis and Conrputer Conference, 

Moffet Fie ld ,  Ca l i f . ,  Feb. 1980. 



11. J. G l h ,  D. Marchesin, and 0. McBryan. 
' - S t a t i s t i c a l  Fluid Dynamics: Unstable Fingers..  

C m .  Math. Phys. 74:l-18, June 1980. 

12. J. Glimm, D. Marchesin, a d  0. McBryan. 
Unstable Fingers i n  TWO-Phase Flow. 
Comm. Pure Appl. Math. To appear. 

13. A. Go t t l i eb  a?d C. Kruskal. 
A Data-Motion Algorithm. 
Ultracomputer Notes, N.Y.U. , Jan. 1980. 

14. A. Gott l ieb .  
Another Remark on the  P lanar i ty  of t h e  Shuffle-Exchange Network of 

S izes  16 and 32. 
Ultracomputer Notes, N.Y.U., May 1980. 

15. A. Harten and' P. D. Lax 
A Random Choice Finite-Difference Scheme f o r  Hyperbolic Conservation 

Laws. 
Courant Mathematics and Computing Laboratory, R&D Report, 

DOE/ER/03077-167, May 1980. 

16. E. Isaacson and G. Zwas. 
Mountain Winds -- k v i s i t e d .  
SIAM Jour.  on Numerical Analysis, 1980. Accepted f o r  publ icat ion.  

17. M. H. Kalos e t  al .  
C u t e r  Simulation of Chains i n  s o l u t i o n  and Bulk S ta te .  - - 

Jour. Macro-Molecular Science. I n  press. 

# 
18. M. H. K a l o s  and K. Binder. 

Critical Clus te r s  i n  a supe r sku ra t ed  Vapor: Theory and Monte Carlo 
Simulation. 

Jour. $tat. Phys. 22:363-396, Mar. 1980. 

19. M. H.. K a l o s ,  J. L. Lebawitz, and I., Wetnnan. 
E l a s t i c  Proper t i es  of Polymer Chains. 
Phys. Rev. A. Accepted f o r  publication: 

, 20. M. H. Kalm, J. L. L e b i t z ,  and I. Wehan. 
Excluded Volume Expansion of Polymer Chains: 

A Monte Carlo St tdy of t he  Scaling Proper t ies .  
Phys..Rev. B, 21, 5540 (1980). 

21. M. H. Kalos e t  al. 
Tnvest-igations of Static Properties of Model Bulk Po lymr  ~ l u i d s .  
Jour. Chem. Phys. 72:3228-3235, Mar. 1980. 

22. M. H. Kalos e t  al .  
Kinet ics  of Order-Disorder Transi t ions .  
Phys. Rev. Lett. 45:366-363, Aug. 1980. 



' . 23.M.H. K a l c s .  . . 
1 Monte Carlo Methods i n  manturn Many-- Problems. 

' Nucl. Phys. A 328:. 163-168, O c t .  1979. 

24. M. H. ~a l c s , '  J. L. Lebowitz, and M. I<. ~ h a n i .  
Monte Carlo Studies  of an Is ing Antiferromagnet i n t o  Nearest and Next 

Nearest Neighbor In te rac t ions  on an FCC Lat t i ce .  
Phys. Rev. B. I n  press.  . . 

25. M. H. Kalos, J. L. Lebawitz, and I. Wehan. 
Monte Carlo Studies  of a Polymer between Planes,  Crossover between 

Dimensionalities. 
Jour. de  Physique 41, 579;Parisl 1980. 

2 6 .  M. H. Kalos. 
Recent D e v e l o p n t s  in  Monte Carlo Calcula t ions  of Quantum Sys tem.  
Proceedings of t h e  4th Pan-American Workshop on Se l f -cons i s ten t  Theories 

of condensed Matter. 
I n  press. 

27. C. Kruskal and L. Rudolph. 
Observations Concerning Multidimensional Ultracomputers. 
Ultracomputer Notes, N.Y.U., Jan. 1980. 

28. P. D. Lax. 
. . 

On the  Notion of Hyperbolicity. 
Comm. Pure Appl. Math. 33: 395-397, May 1980. 

29. M. A. Lee e t  al .  
Var ia t ional  Monte Carlo CalculAtions of Liquid 4 ~ e  w i t h ~ h r e e - ~ o d y  

Correlat ions.  
Phys. Rev. Let t .  45: 573-576, ~ u g .  1980. , 

30. 0. McBryan. 
E l l i p t i c  and Hyperbolic In te r face  Ref inemnt .  
Boundary Layers and I n t e r i o r  Layers -- Computational and Asymptotic 

Methds ,  J. Mil ler ,  ed., Boole Press ,  h l b l i n ,  1980. 

31. 0. McBryan e t  al. 
Front Tracking f o r  Hyperbolic Systems. 
Advances i n  Appl. Math. To appear. 

32. M. Overton and W. Murray. 
A Projected Lagrangian Alqorithm f o r  Nonlinear L1 Optiliuzation. 
Systt.11~ Optimization Lahorat-ory Rfpsrt SOL-80-4, Stanford Univ., - 

Feb. 1980. 



33. M. Overton and W. Murray. 
A Projected Lagrangian Algorithm f o r   onl linear Minimx Optimization. 
Systems Wtimizat ion Laboratory R e p r t  SOL 79-21, Stanford Univ., 

Nov. 1979. Accepted f o r  publ icat ion in SIAM Jour.  on Sci .  & Sta t .  Comput. 

34. M. Overton w i t h  W. Murray. 
Steplength Algorithms f o r  Minimizing a Class of Nondif f e r en t i ab l e  

E'unc t ions. 
.Computing 23, pp. 309-331 (1979). 

35. J. K. Percus and 0. E. Percus. 
E th ica l  Procedures i n  Comparative Evaluation of Drugs. 
Courant Mathemtics and Computing Laboratory, R&D R e p r t ,  

-3077-163, Feb. 1980. 

36. J. K. Percus e t  al. 
S t ruc ture  of a Liquid-Vapor In te r face  i n  t he  Presence of a .  

Hard W a l l  i n  the Transi t ion Region. 
Jour. Chem. Phys. 71: 3802-3806, Nov. 1979. 

37. C. S. Peskin and D. M. McQueen. 
Model inq Pros the t ic  Heart Valves f o r  Numerical ~ n a l ~ s i s  of 

~ l o o d ~ ~ l c w  i n  the Heart. 
Jour. Comp. Phys. 37: ,113-132, Aug. 1980. 

38. C. S. Peskin and M. F. McCracken. 
A Vortex Methcd f o r  Blood Flow through Heart Valves. 
Jour. Comp. Phys. 35: 183-205, Apr. 1980. 

39. R. D. Reitz. 
The Application of an Exp l i c i t  Numerical Methcd f o r  a Reaction- 

Diffusion System i n  Corbustion. 
Courant Mathemtics and Computing Laboratory, R&D Rgprt, 

C0D-3077-162, Nov. 1979. 

40 . R. D. Reitz. 
Computations of Laminar Flame Propagation Using an Expl ic i t  

Numerical Me thcd . 
Proceedings of t h e  18th Symposium on Combustion, Aug. 1980. 

41. L. Rudolph. 
A Remark on the  P lanar i ty  of t h e  Shuffle-Exchange Network of 

S izes  16 and 32. 
Ultracomputer Notes, N.Y.U., Feb. 1980. 

42. J. T. Schwartz. 
The Burroughs FMP Machine. 
ultracomputer. Notes , N.Y.U. , Jan. 1980. 

43. J. T. Schwartz. 
A Remark on Nearly Planar Emhddings of Small Ultracomputers. 
Ultracomputer Notes, N.Y.U., Dec. 1979. 



44. J. T. Schwartz. 
Ultracomputers . 
ACM Transactions on Programing Languages and System.  

To appear, Oc t .  1980. 

45. H. R. Strauss.  
Linear and Nonlinear Studies  of High Beta Tokamaks. 
IAEA, J-1 , Brussels, 1980. 

46. R. H. S t rauss  et al. 
Relation teween Tokamak Temperature P r o f i l e s  and m c a l i z e d  

I n s t a b i l i t i e s .  
LAEA CN-381M-2, Brussels,  1980. 

47. H. R. S t rauss  e t  al .  
S t a b i l i t y  of High Beta Tokamaks to  Ballooning Modes. 
Nucl. Fusion 20, 638 (1980 ) . 

48. H. R. St rauss  e t  al. 
S t ab i l i z a t i on  of Trapped Electron Shear-Alfven I n s t a b i l i t i e s  by 

Temperature Gradient. 
Phys. Fluids  22, 2364 (1979). 

49. H. R. Strauss.  
S t e l l a r a t o r  Fquations of Motion. 
P l a s m  Physics. To appear. 

50. H. R. St rauss  et al. 
Unified Theory of Tearj-ng Modes. 
Phys. Fluid 22, 2364 (1979). 

51. S. Topiol e t  al.. 
Implementation of t h e  GAUSSIAN 78 Programs on t he  NYU VpX/ll-780: 

A Probe i n t o  Basis S e t  and Correla t ion of t h e  E f f ec t s  on t he  
S t ruc ture  of Molecular Complexes. 

Courant Mathemtics and Computing Laboratory, R&D Seprt, 
D3E/~R/0307~-166, April 1980. 

52. P. A. Whitlock e t  al. 
Properties of t he  HCP Phase of 4 ~ e .  
Phys* Rev. B21, 399 (1980 ) . 

5 3 .  P, A. Whit lock, J T. Muckemn , and P. M. Kroger . ' 
Reactions of t h e  ID S t a t e  ot Oxygen ard Carton. 
" ~ o t e n t i a l  Energy Surfaces and Dynamics Calcula t ions ,"  

ed i ted  by D. G. Trublar. 
Plenum Press ,  New York. I n  press .  



54. P. A. Whitlock, J. T. Muckemn, andE.  R. Fisher.  
Theoret ical  Invest  f ga t ions  of t h e  Energetics and  Dynamics of 

t h e  Reaction O( D) + HZ. 

55. 0. Widlund and D. B. Szyld. 
Applications of Conjugate Gradient T&e Me thds  f o r  

Eigenvalue Calcu1ations.p. 167-173 in: Advances i n  
Computer N e t h d s  f o r  P a r t i a l  D i f f e r en t i a l  EQuations 111. 

Proceedings of t he  3rd IMACS In te rna t iona l  Sympos,ium. 
&high Univ. , Bethlehem, Pa. , 1979. 

56. 0. Widlund and W. Proskurowski. 
A F i n i t e  Element Capacitance Matrix ~ e t h c d  f o r  the 

Neumann Problem f o r  Laplace's Equation. 
S I A M  J. S c i e n t i f i c  and S t a t i s t i c a l  Computing. 
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