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NESD CAE FACILITY 
Minimal Implementat ion Plan 

(June 1.982) 
ABSTRACT ' 

I n  con junc t i on  w i t h  o the r  d i v i s i o n s  i n  t h e  EE Department, t h e  Nuclear 
Energy Systems D i v i s i o n  i s  develop ing a Computer-Aided Engineer ing (CAE) 
c a p a b i l i t y .  Some of our  needs i n  areas such as d r a f t i n g ,  PC design, and I C  
design can be s a t i s f i e d  w i t h  e x i s t i n g  t u rnkey  systems. Many o f  o u r  o t h e r  
needs, i n c l u d i n g  modeling, analys is ,  document management and communication, 
sof tware development, p r o j e c t  management, and p r o j e c t  communication w i l l  
r e q u i r e  t he  gradual development o f  an expanded computing environment. The 
purpose o f  t h i s  document i s  t o  descr ibe  ou r  i n i t i a l  p lans  t o  implement a  CAE 
f a c i l i t y .  

1. INTRODUCTION 

1.1 GENERAL BACKGROUND 
The E l e c t r o n i c s  Engineer ing Department a t  Lawrence Livermore Na t i ona l  

Labora to ry  (LLNL) has been success fu l l y  us i ng  a v a r i e t y  o f  CAD/CAM t o o l s  and 
o the r  computer a ids  f o r  a  number o f  years.  Separate tu rnkey  systems have been 
a v a i l a b l e  f o r  standard d r a f t i n g  f u n c t i o n s  and f o r  i n t e g r a t e d  c i r c u i t  design. 
The f a b r i c a t i o n  shop operates numer i ca l l y  c o n t r o l l e d  t o o l s  f o r  w i r e  wrapping, 
d r i l l i n g ,  and panel punching. These systems have increased t h e  p r o d u c t i v i t y  
of design and d r a f t i n g  personnel, reduced turn-around t ime, and produced 
b e t t e r  products.  

Some o the r  computer a i ds  have a l s o  been a v a i l a b l e  t o  a s s i s t  engineers i n  
' the s o l u t i o n  o f  ,engineer ing problems i n  areas such as power systems ana l ys i s  
and e l e c t r o n i c  c i r c u i t  ana lys is .  These a i d s  have t y p i c a l l y  been a v a i l a b l e  on 
t h e  Labora to ry ' s  mainframe computers and u s u a l l y  do n o t  couple w i t h  any o f  t h e  
o the r  aids.  S t i l l ,  t h e i r  e f f e c t i v e n e s s  has been s u f f i c i e n t  t o  encourage 
cont inued use and t o  suggest t h a t  f u r t h e r  b e n e f i t s  cou ld  be de r i ved  f r om more 
ex tens ive  computer aids.  

Cur ren t l y ,  however, t h e  growing complex i t y  and sca le  o f  problems which 
f ace  our  eng ineer ing  s t a f f ,  coupled w i t h  t h e  g rea t  n a t i o n a l  demand f o r  
engineers, mandates t h a t  a d d i t i o n a l  t o o l s  be provided. The success o f  CAD/CAM 
prov ides  t h e  impetus f o r  app ly ing  computers t o  t he  e n t i r e  eng ineer ing  
process. We are c u r r e n t l y  develop ing p l ans  f o r  a  more i n t e g r a t e d  and 
ex tens ive  s e t  o f  t o o l s  u t l l l z l n g  t h e  Cur ren t  and expected products  f rom 
today 's  r a p i d l y  develop ing computer technology. 

1.2 THE CAE PROJECT I N  NESD 
The Nuclear Energy System D i v i s i o n  of t h e  E l e c t r o n i c s  Engineer ing 

Department f u rn i shes  t he  programs i t  suppor ts  w i t h  h i g h  q u a l i t y  e l e c t r o n i c  
engineer ing and supports and ma in ta ins  program f a c i l i t i e s  i n  a  safe, e f f i c i e n t  
manner. The p r i i i ~ a r y  custor~ier served by NESD I s  t he  Nuclear  Weapons Program. 
NESD's d i r e c t  support  t o  t h e  Program i s  through t h e  Nuclear  Design Program and 
M i l i t a r y  App l i ca t i ons  Program. I n  add i t i on ,  NESD suppor ts  o t h e r  o rgan i za t i ons  
which a l so  support  t h e  Weapons Program. These i n c l u d e  t h e  P r e c i s i o n  
Engineer ing Program; Engineer ing Sciences and M a t e r i a l s  F a b r i c a t i o n  D i v i s i o n s  
o f  the  Mechanical Engineer ing Department; H-D iv is ion  i n  t h e  Physics 



Department, t he  Non-Nuclear Ordnance Program, and the  Chemistry and Ma te r ia l  
Sciences Department. 

I n  con junc t ion  w i t h  o the r  d i v i s i o n s  i n  t he  EE Department, NESD i s  
developing a Computer-Aided Engineering (CAE) c a p a b i l i t y .  Some o f  our needs 
i n  areas such as d r a f t i n g ,  PC design, and I C  design can be s a t i s f i e d  w i t h  
e x i s t i n g  tu rnkey  systems. Many o f  our  o the r  needs, i nc lud ing  modeling, 
analys is ,  document management and communication, software development, p r o j e c t  
management, and p r o j e c t  communication w i l l  r equ i re  the  gradual development o f  
an expanded computing environment. 

A number o f  d i f f e r e n t  areas which cou ld  b e n e f i t  f rom computer a ids  have 
been i d e n t i f i e d .  These inc lude:  

* des ign /d ra f t i ng  
* engineer ing modeling and ana lys is  
* manuf a c t u r i  ng 
* software development 
* p r o j e c t  management 
* p r o j e c t  co!munica.t i~r! 

Each o f  these areas i s  discussed nex t  i n  more ,de ta i  1. 

H i s t o r i c a l l y ,  t he  des ign /d ra f t i ng  area has been the  center  o f  CAD 
a c t i v i t y ,  where the  acronym has been used t o  mean both computer-aided d r a f t i n g  
and computer-aided design. The bu l k  o f  t h e  commercial systems t o  date have 
been aimed a t  t he  f u l l - t i m e  design and d ra f te r ,  whether t he  f i e l d  i s  schematic 
d r a f t i n g ,  p r i n t e d  c i r c u i t  board design, o r  i n teg ra ted  c i r c u i t  design. 
Typ i ca l l y ,  these t o o l s  have - not been d i r e c t e d  toward t h e  engineer o r  
technic ian.  

Today, t he  'need f o r  t h i s  t r a d i t i o n a l  design and d r a f t i n g  cont inues t o  
e x i s t ,  and commercial systems are i nc reas ing l y  powerful  and product ive, w i t h  a 
growing c a p a b i l i t y  i n  t h e  design area. I n  a d d i t i o n  t o  these systems, t he re  i s  
a s t rong des i re  f o r  design systems f o r  use by engineers and technic ians.  
Superf i c i  a1 l y ,  such systems bear some resemblance t o  computer-aided d r a f t i n g  
systems because a c i r c u i t  schematic i s  f r e q u e n t l y  one o f  i t s  products. 
However, two key d i f f e rences  separate i t  f rom t r a d i t i o n a l  CAD systems. F i r s t ,  
these systems must be easy t o  use by a casual user-- the engineer--with minimal 
t r a i n i n g .  Second, t h e  database o f  t h e  system must be s u f f i c i e n t l y  r i c h  t o  
a l l ow  t h e  design t o  couple e f f e c t i v e l y  w i t h  ana lys is  t o o l s  and CAM systems. 

We c u r r e n t l y  use an in-house system, the  Engineers1 Design Stat ion,  f o r  
t h i s  purpose. I t s  success over t he  l a s t  1.5 years supports continuing 
expansion o f  t h i s  type o f  c a p a b i l i t y  i n  coming years. We are c u r r e n t l y  
eva lua t i ng  the  extension o f  t h i s  system f o r  use by engineers i n  designing gate 
arrays. The system would serve as a ' f r o n t  end,n w i t h  the  schematic-level 
design being t r a n s f e r r e d  t o  our s o l i d - s t a t e  group f o r  implementation. 

Modeling and ana lys is  are becoming more important components o f  t h e  
engineer 's  job. The h igh  cos t  and elapsed t ime f o r  b u i l d i n g  phys ica l  models 
are i nc reas ing l y  unacceptable--and b u i l d i n g  such models i s  f requen t l y  
impossible. For example, s imu la t ion  proved an inva luab le  t o o l  i n  analyz ing 
the  designs o f  a mu l t im i  11 i o n  do1 1 a r  power supply system procured from 
ex te rna l  vendors. I n  order  t o  s t imu la te  increased use o f  both modeling and 
s imulat ion,  good t o o l s  must be made a v a i l a b l e  i n  a convenient way. 



.Capab i l i t i e s  t h a t  a re  needed inc lude :  
* l o g i c  ana l ys i s  
* c o n t r o l s  ana l ys i s  
* systems i d e n t i f i c a t i o n  and model ing 
* systems ana l ys i s  
* e lect romagnet ic  f i e l d s  ana l ys i s  
* c i r c u i t  ana l ys i s  
* s i gna l  process ing ana l ys i s  
* r e l i a b i l i t y  and f a u l t  ana l ys i s  
* sof tware systems modeling 

Most o f  our  manufactur ing i s  l i m i t e d  t o  a few cop ies  o f  a g i ven  design, 
r a t h e r  than mass product ion.  Thus, needs f o r  computer-aided manufactur ing 
d i f f e r  somewhat f rom many commercial companies. We c u r r e n t l y  support  a smal l  
number o f  numer i ca l l y  c o n t r o l l e d  machines, as w e l l  as genera t ion  o f  manufac- 
t u r i n g  aids, such as artwork.  Probably t h e  major  requirement i s  on t h e  des ign 
systems: t hey  need t o  p rov ide  app rop r i a te  i n p u t  f o r  bo th  in-house and ou t s i de  
CAM systems. 

Software development i s  an i n c r e a s i n g l y  impor tan t  p a r t  o f  our  eng ineer ing  
work. Yet almost no f a c i l i t i e s  o r  t o o l s  a re  i n  p lace  t o  a s s i s t  i n  t h i s  
development. Frequent ly ,  sof tware must be developed on hardware which i s  
s u f f i c i e n t  f o r  t h e  purposes o f  t h e  app l i ca t i on ,  b u t  which i s  n o t  s u f f i c i e n t  
f o r  e f f e c t i v e  sof tware development. And even more o f ten ,  no development t o o l s  
beyond an e d i t o r  and an assembler o r  c o m p i l e r . a r e  ava i l ab le .  The success o f  
some c u r r e n t  program development systems underscores t h e  need f o r  more e f f o r t  
i n  t h i s  area. 

Inc reas ing  complex i t y  o f  p ro j ec t s ;  t i g h t  t ime  schedules, and budget 
c o n s t r a i n t s  a1 1 ' po in t  t o  t h e  need f o r  con t inued  use o f  e f f e c t i v e  computer a i d s  
f o r  p r o j e c t  p lanning,  p r o j e c t  management, and f i n a n c i a l  c o n t r o l .  
A c c e s s i b i l i t y  t o  p e r t i n e n t  data, computer aids,  and app rop r i a te  computer'power 
are a l l  necessary. 

F i n a l l y ,  p r o j e c t  communication can be enhanced by computer aids.  Whether 
a formal  e l e c t r o n i c  m a i l  system i s  used o r  s imp ly  a shared access t o  
engineer ing documents, t h e r e  seems t o  be g r e a t  p o t e n t i a l  i n  t h i s  area. 

2. DESCRIPTION OF THE REQUIREMENT 

2.1 IMMEDIATE PLAN 
The phi losophy of t h e  CAE system p l a n  c a l l s  f o r  us ing  major  commercial 

products  wherever poss ib le ,  w i t h  l o c a l  a c t i v i t y  r e s t r i c t e d  t o  necessary 
i n t e g r a t i o n  work and development o f  key components which a re  no t  a v a i l a b l e  
f r om commercial o r  o t h e r  sources. As a f i r s t  s tep  toward ou r  goa ls  o f  
improved q u a l i t y  o f  our  work and increased p r o d u c t i v i t y ,  we are propos ing t h e  
development o f  a Computer-Aided Engineer ing f a c i l i t y  (NESCAE) based on t h e  DEC 
VAX computer. The f a c i l i t y  i s  shown i n  F ig .  1 and summarized i n  Appendix A. 
The system w i l l  p rov ide  f a c i l i t i e s  f o r  t ime-shar ing  and immediate u t i l i z a t i o n  
o f  e x i s t i n g  codes f o r  s i g n a l  processing, s t a t e  space e s t i m a t i o n  and c i r c u i t  
analyses. We can a l so  begin i n v e s t i g a t i n g  so f tware  eng ineer ing  t o o l s .  
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2.2 FUTURE PLANS 
Current t rends  i n  computer technology, e s p e c i a l l y  i n  t h e  development o f  

more power fu l  superminis and i n  network ing have prompted a system des ign model 
based on a d i s t r i b u t e d  computing ph i losophy.  We c u r r e n t l y  e n v i s i o n  a t h ree -  
t i e r  system, c o n s i s t i n g  o f  l a r g e  mainframes connected t o  32 -b i t  superminis 
which i n  t u r n  are connected t o  a  v a r i e t y  o f  te rmina ls ,  rang ing  f rom s imp le  
alphanumeric t e rm ina l s  t o  soph i s t i ca ted  eng ineer ing  workstat ions.  The 
t e rm ina l s  w i l l  p robab ly  be connected t o  t h e  superminis by some form o f  t h e  
develop ing l o c a l  network ing techniques which u t i l i z e  c o a x i a l  cable. 

The engineer ing works ta t ions  are a s i g n i f i c a n t  f e a t u r e  o f  t h i s  system, 
bo th  i n  terms o f  t h e i r  phys i ca l  d e s c r i p t i o n  and t h e i r  in tended u t i l i z a t i o n .  
Such a wo rks ta t i on  might  c o n s i s t  o f  a  3 2 - b i t  processor on a c h i p  ( o r  a  c h i p  
se t ) ,  30 Mbytes o f  Winchester- technology d isk ,  a  g raph ics  d i sp lay ,  1  Mbyte o f  
main memory, an appropr ia te  se t  o f  i n t e r a c t i v e  devices, and perhaps a f l o p p y  
d i s k  and p r i n t e r .  (Workstat ions o f  t h i s  t y p e  a re  a v a i l a b l e  t o  some degree a t  
the  c u r r e n t  t ime bu t  should be s i g n i f i c a n t l y  cheaper and more power fu l  i n  t h e  
nex t  t h ree -  t o  f i ve -year  per iod. )  

The soph i s t i ca ted  works ta t ions  a re  in tended f o r  use by t h e  eng ineer ing  
s t a f f - - i n  a  number o f  app l i ca t i ons .  F i r s t ,  t h e  c u r r e n t  Engineers '  Design. 
S t a t i o n  w i l l  be reimplemented t o  u t i l i z e  these workstat ions.  Thus, these 
works ta t ions  a re  a key p a r t  o f  t h e  p l a n  t o  p u t  des ign a i ds  i n  t h e  hands of*  
engineers. Second, these s t a t i o n s  w i l l  be used f o r  t h e  more demanding 
model ing and s imu la t i on  app l i ca t i ons .  These s t a t i o n s  w i l l  be d i s t r i b u t e d  
throughout t h e  engineer ing work areas, i n i t i a l l y  i n  smal l  numbers. As t h i s  
c l a s s  o f  t e rm ina l  matures i n  i t s  development, i t  i s  expected t o  be used i n  
g rea te r  numbers. 

The requirements f o r  g raph ics  d i s p l a y  a re  somewhat appl icat ion-dependent .  
For  many eng ineer ing  app l i ca t i ons ,  a  r e s o l u t i o n  o f  512 x  512 seems t o  be 
marginal ,  w h i l e  1024 x  1024 may be more than  requi red.  Roughly, 600 x  800 
would seem t o  be a u s e f u l  minimum. Color  c a p a b i l i t y  appears t o  have proved 
i t s  worth i n  a  number o f  a p p l i c a t i o n s  and w i l l  p robab ly  be inc luded  i n  many 
workstat ions.  

Add i t i ona l  sof tware i s  t he  key t o  increased p r o d u c t i v i t y .  Th i s  so f tware  
w i l l  be acquired, r a t h e r  than developed, wherever poss ib le ,  Sources i nc l ude  
commercial companies, u n i v e r s i t i e s ,  and o t h e r  government l abo ra to r i es .  
Software i s  needed i n  e s s e n t i a l l y  a l l  o f  t h e  areas discussed e a r l i e r  b u t  
e s p e c i a l l y  i n  t he  areas o f  modeling, s imu la t ion ,  so f tware  development, and 
p r o j e c t  management, 

3. SPECIFICATION OR EQUIVALENT 

The minimum requirements are as f o l l o w s :  

The processor should have a 3 2 - b i t  v i r t u a l  address c a p a b i l i t y  w i t h  a t  
l e a s t  1  MI3 o f  memory. The l a r g e  address space a l lows  e a s i e r  development and 
execu t ion  of l a r g e  programs which are t y p i c a l  o f  CAE programs. The system 
must support  a  n ine- t rack  magnetic tape  f o r  communication w i t h  o t h e r  computer 
systems. F l o a t i n g  p o i n t  hardware i s  r e q u i r e d  t o  speed up numerical  
c a l c u l a t i o n s  which a re  used e x t e n s i v e l y  i n  analyses and model ing codes-. 



The sof tware requ i red  inc ludes a t  l e a s t  FORTRAN and a  t ime-share 
m u l t i u s e r  system which supports t he  v i r t u a l  address c a p a b i l i t y  o f  .the 
machine. The sof tware and hardware must support execut ion o f  codes which 
p resen t l y  run on VAX machines i n  o rder  t o  take  advantage o f  codes a1 ready 
developed f o r  CAE func t ions .  

4. ESTIMATED TOTAL COSTS 

A summary o f  hardware cos ts  and software costs f o r  t h i s  p r o j e c t  are as 
fo l l ows .  The t o t a l  system cos t  w i l l  be about $148K. The breakdown o f  these 
cos ts  i s  g iven i n  Appendix A. The procurement w i l l  be 97K du r ing  FY182. 

NESD proposes t o  purchase a  VAX-11/750 from DEC on a  sole-source basis.  
There are several  s t rong reasons f o r  t h i s  sole-source: 

1  ) Existence o f  CAF cnrnp~~ter  codes f o r  a VAX. Thcsc eodes i n c l ~ i t i c ;  
SPICE ( c i r c u i t  analyses), SATER (d system l d e n t l f  i c a t i o n  and modeling 
code), FRAMIS (database management), GRAPHLIB (SIGGRAPH imp1 ement a- 
t i n n  of graphics rou t ines) ,  S I G  ( s igna l  analyses, f.i 1 terlrlg and 
c o r r e l a t i o n s )  and P R A X I S  ( c o n t r o l s  language). I n  add i t ion ,  the  
design s ta t i on ,  as c u r r e n t l y  described e a r l i e r ,  and LSAP ( a  c o n t r o l s  
program) are being t ranspor ted  f rom a  PDP-11 t o  the  VAX and w i l l  
represent  s i g n i f i c a n t  CAE too l s .  It i s  est imated t h a t  approximately 
12 man-months o f  e f f o r t  would be requ i red  t o  conver t  these codes t o  a  
d i f f e r e n t  32 -b i t  computer system. 

2) Data and code sharing. There i s  a l ready a  VAX w i t h i n  our  research 
d i v i s i o n  which cou ld  be connected t o  CAE f a c i l i t i e s  v i a  DECNET t o  
improve data and code t rans fers .  DECNET w i l l  a l so  a l l ow  communi- 
ca t i ons  w i t h  o the r  PDP-11 machines which are used ex tens i ve l y  a t  LLNL. 

6. MAJOR MILCSTOWES 

purc 
i n s t  

Approximately t h r e e  weeks a f t e r  t h e  implementation p lan  i s  approved the  
hase order  should be placed w i t h  the  vendor, and the computer w i l l  be 
a l l e d  90 days l a t e r .  A f t e r  about one month o f  check-out t he  CAE f a c i l i t y  

should be a v a i l a b l e  t o  users who wish t o  begin l ea rn ing  how t o  use the  
system. It i s  est imated t h a t  s i g n i f i c a n t  codes f o r  analyses and modeling 
( l i k e  S I G  and SATER) w i l l  be a v a i l a b l e  w i t h i n  a week o f  any acceptance tes ts .  
The computer w i l l  be removed i n  1989. 

7. SOURCES OF FUNDS 

The f undi nq sources are summari zed helow: 
FY ' 82 Cap i ta l  $81.4K 

Expenses $1 5.6K 
FYI 83 Cap i ta l  $35. OK 

Expenses $1 5.9K 



8. FACTORS WHICH WOULD PREVENT LEASE OR PURCHASE 

There are no known f a c t o r s  which wou'ld prevent leas ing  o r  purchasing the  
computer hardware. 

9. LEASE VS. PURCHASE CONSIDERATION 

An analys is  o f  est imated lease costs versus purchase cos ts  over t h e  
an t i c i pa ted  l i f e t i m e  o f  the  system c l e a r l y  i nd i ca tes  t h a t  purchase i s  t he  most 
economical method o f  procurement. Please see Appendix B f o r  a d e t a i l e d  
analysis.  

10. IDENTIFICATION OF TELECOMMUNICATIONS REQUIREMENT 

There i s  no telecommunications requirement. 

11. LIST OF COMPUTER EQUIPMENT TO BE REMOVED 

No computer equipment w i l l  be removed. 

12. JUSTIFICATION OF NEED 

The j u s t i f i c a t i o n  f o r  CAE w i t h i n  NESD i s  based on the  need t o  improve t h e  
engineer 's p r o d u c t i v i t y - t h r o u g h  a ids which reduce the  l e v e l  o f  complexi ty  t h e  
engineer faces and reduce the development cyc le  time. P r o d u c t i v i t y  gains 
brought about by the  use o f  CAD/CAM have s t imu la ted  a broader examination o f  
t he  r o l e  which computers might p l a y  i n  the  process. With engineering s a l a r i e s  
increasing, i n  p a r t  because o f  t he  manpower shortage, and w i t h  computer cos ts  
decreasing, i t  w i l l  be economical ly reasonable t o  p rov ide  engineers w i t h  
subs tant ia l  computer power t o  increase t h e i r  p r o d u c t i v i t y .  It appears t h a t  
technology and economics w i l l  lead t o  t h i s  s i g n i f i c a n t  increased use o f  
computers i n  engineering, computer-aided engineering, w i t h i n ' t h i s  decade. 

I n  addi t ion,  t he  systems which we are being c a l l e d  upon t o  develop are 
becoming i nc reas ing l y  complex. S t r ingent  requirements on such th ings  as size, 
power consumption, and operat ing environment f u r t h e r  complicate the  
development process. CAE w i l l  he lp the  engineer f a c i n g  these problems. 
Competit ion f o r  resources i s  making decreased a c t i v a t i o n  t ime a necessity.  

13. CRITERIA FOR SELECTION OF VENDOR 

This procurement i s  sole-source f o r  the reasons s ta ted  i n  Sect ion 5.0. 
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F i s c a l  

Year 

APPENDIX A 

Hardware and Software Costs 

' 82  VAX-11/750, i nc 1 udes 

121 MB f i x e d  d i sk ,  10 MB 

d isk,  45 i p s  tape  and 

1 MB memory, DECNET 

Hardware 

QtY T o t a l  Discount Comments 
P r i c e  

1 MB memory 1 4. OK 

CRT t e r m i n a l  s  4  7.5K 

Software 1 6.3K 

Document a t  i on 

' 83  Design S t a t i o n  1 $35. OK 

1 

Terminals 2 3.9K 

Software 

Grand To ta l  



Appendix B 

Lease Versus Purchase Ana lys is  

TO BE SUPPLIED WHEN AVAILABLE 



Page Range 

001-025 
026-050 
051-075 
076-100 
101-125 
126-150 
151-175 
176-200 
201-225 
226-250 
251-275 
276-300 
301-325 

Rinted In the United States of America 
Available from 

National Technical Infornution Service 
US. Vepu(mcnt of Commme 

5285 Pert Roypl Road 
Springfield, VA 22161 

Pirw Printed Copy S ;Microfiche 54.M 

Domestic 
Price Page Range 

326-350 
351-375 
376-400 
401-426 
427-450 
451-475 
476-500 
$01-525 
526-550 
551-575 
576-600 
601-up1 

Domestic 
Price 

' ~ d d  1.50 for each additional 25 page increment, or portion 
thereof from 601 pages up. 
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