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Collaborations in Fusion Research 

A View to the Future Needs and Tools for Experiments 
I 

Introduction 

T h i s  paper reviews c u r r e n t  e x p e r i m e n t a l  c o l l a b o r a t i v e  
e f f o r t s  i n  t h e  f u s i o n  community a n d  e x t r a p o l a t e s  t o  
o p e r a t i o n a l  s c e n a r i o s  f o r  t h e  Tokamak P h y s i c s  Experiment 
(TPX) a n d  t h e  I n t e r n a t i o n a l  Thermonuclear  E x p e r i m e n t a l  
R e a c t o r  ( I T E R ) .  C u r r e n t  r e q u i r e m e n t s ,  a v a i l a b l e  
t e c h n o l o g i e s  a n d  t o o l s ,  a n d  p r o b l e m s ,  i s s u e s  a n d  
conce rns  are d i s c u s s e d .  T h i s  paper s p e c i f i c a l l y  f o c u s e s  
on t h e  i s s u e s  t h & t  a p p l y  t o  e x p e r i m e n t a l  o p e r a t i o n a l  
c o l l a b o r a t i o n s .  Special r equ i r emen t s  f o r  o t h e r  t y p e s  o f  
c o l l a b o r a t i o n s ,  s u c h  a s  t h e o r e t i c a l  o r  d e s i g n  a n d  
c o n s t r u c t i o n  e f f o r t s ,  w i l l  n o t  be addressed. 

Our c u r r e n t  c o l - l a b o r a t i v e  e f f o r t s  have b e e n  h i g h l y  
s u c c e s s f u l ,  even though t h e  t o o l s  i n  u s e  w i l l  be viewed 
as p r imi t ive  by t3morrow's  s t a n d a r d s .  An ove rv iew o f  
t h e  t o o l s  and tech .?o logies  i n  t o d a y ' s  c o l l a b o r a t i o n s  can  
be found  i n  the f irst  s e c t i o n  of  t h i s  paper. 

The n e x t  g e n e r a t i o n  o f  f u s i o n  devices w i l l  n o t  be 
p r i m a r i l y  i n s t i t u t i o n a l l y  based, b u t  w i l l  be n a t i o n a l  
( T P X )  a n d  i n t e r n a t i o n a l  ( I T E R )  i n  f u n d i n g ,  management, 
o p e r a t i o n  and  i n  ownersh ip  of  s c i e n t i f i c  r e s u l t s .  The 
TPX w i l l  p r e s e n t  t h e  i n i t i a l  c h a l l e n g e  o f  real-time 
r e m o t e l y  d i s t r i b u t e d  e x p e r i m e n t a l  data  a n a l y s i s  f o r  a 
s t e a d y  s t a t e  device .  The I T E R  w i l l  p r e s e n t  new 
c h a l l e n g e s  w i t h  t h e  p o s s i b i l i t y  of  severa l  r e m o t e  
c o n t r o l  rooms a l l  p a r t i c i p a t i n g  i n  t h e  real- t ime 
o p e r a t i o n  o f  t h e  e x p e r i m e n t a l  device. A v i e w  t o  t h e  
f u t u r e  of  r emote  c o l l a b o r a t i o n s  i s  p r o v i d e d  i n  t h e  
second  s e c t i o n  of  t h i s  p a p e r .  

The Present State of Experimental Collaborations 

C o n s i d e r a b l e  work has  been  done o v e r  t h e  l a s t  f e w  
y e a r s  t o  p romote  e f f e c t i v e  p a r t i c i p a t i o n  i n  f u s i o n  
r e s e a r c h  e x p e r i m e n t s  by  c o l l a b o r a t o r s  a t  d i s t a n t  
l o c a t i o n s .  S o f t w a r e  t o o l s  have b e e n  d e v e l o p e d  a n d  
enhanced, and network c a p a b i l i t i e s  have been  ex tended  i n  

t h i s  a c : t i v i t y .  I t  i s  c u r r e n t l y  p o s s i b l e  f o r  
s t o  " c o n t t r o l  . d i a g n o s t i c s ,  o p e r a t e  d a t a  
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a c q u i s i t i o n  sys t ems ,  i n t e g r a t e  h i g h - c a p a c i t y  comput ing  
a n d  s t o r a g e  f a c i l i t i e s  a t  t h e  r e m o t e  s i te ,  v i e w  a n d  
provide r e s u l t s ,  and  g e n e r a l l y  have access t o  a l l  t h e  
computer -based  i n f o r m a t i o n  a b o u t  t h e  progress of t h e  
e x p e r i m e n t .  I n  these areas, w e  c a n  l a r g e l y  declare t h a t  
the needs of  remote  c o l l a b o r a t o r s  have been  u n d e r s t o o d  
and  c a n  be m e t .  

A d d r e s s i n g  t h e  g o a l  of e n h a n c i n g  communica t ion  i n  
general ,  e f f o r t s  t o  p r o v i d e  a u d i o  and  video c o n n e c t i o n s  
w i t h  t h e  c o n t r o l  room have begun, and  more e x t e n s i v e  u s e  
of v i d e o - c o n f e r e n c i n g  f o r  m e e t i n g s  among v a r i o u s  g r o u p s  
i s  p l a n n e d .  

Three Examples of Remote Collaborations Currently in 
Operation in Fusion Research 

C-MOD at The Massachusetts Institute of Technology 

The C-MOD data  sys t em a t  M a s s a c h u s e t t s  I n s t i t u t e  of 
T e c h n o l o g y  ( M I T )  i s  d e s i g n e d  a r o u n d  a c l u s t e r  of  
ne tworked  w o r k s t a t i o n s .  Remote c o l l a b o r a t o r s  can  access 
t h e  s t a n d a r d  data  a c q u i s i t i o n  a n d  c o n t r o l  i n t e r f a c e s  
o v e r  t h e  I n t e r n e t  ( s u b j e c t  t o  l o c a l l y  imposed access 
r e s t r i c t i o n s ) .  These i n c l u d e  a s h o t  c y c l e  m o n i t o r ,  a n  
i n t e r f a c e  t o  t h e  plasma c o n t r o l  s y s t e m  u s e d  f o r  s e t t i n g  
discharge parameters, i n t e r f a c e s  t o  c o n f i g u r e  and modify 
data  a c q u i s i t i o n  and  a n a l y s i s  subsys t ems ,  m o n i t o r  t h e  
data a c q u i s i t i o n  and  a n a l y s i s  p r o c e s s ,  d i s p l a y  r a w  o r  
p r o c e s s e d  d a t a ,  e n t e r  o r  r e t r i eve  da ta  from an 
e l e c t r o n i c  logbook o r  o t h e r  r e l a t i o n a l  database tables .  
Data i s  a l s o  made d i r e c t l y  available t o  remote u s e r s  via  
a n  I P  based remote  data 
server. I n  s h o r t  - remote  c o l l a b o r a t o r s  can  access the  
same computer  env i ronmen t  as  l o c a l  u s e r s .  H o w e v e r ,  no  
s p e c i a l  a u d i o  o r  v i d e o  l i n k s  have been  implemented  s o  
f a r  - a s e r i o u s  sho r t coming  t h a t  n e e d s  t o  be addressed. 

DIII-D at General Atomics Corporation 

C o l l a b o r a t i o n  has been a large pa r t  o f  t he  magnetic 
f u s i o n  p r o g r a m  a t  G e n e r a l  A t o m i c s  (GA) s i n c e  i t s  
i n c e p t i o n .  Bo th  t h e  D I I I  a n d  D I I I - D  t okamaks  have 
u t i l i z e d  t h e  e x p e r t i s e  of n a t i o n a l  a n d  i n t e r n a t i o n a l  
c o l l a b o r a t o r s .  These i n c l u d e  p e r s o n n e l  f rom many of t h e  
U . S .  n a t i o n a l  l a b o r a t o r i e s  [Lawerence Livermore N a t i o n a l  
L a b o r a t o r y  (LLNL) , Argonne N a t i o n a l  L a b o r a t o r y  (ANL) , 
S a n d i a  N a t i o n a l  L a b o r a t o r y  ( S N L ) ,  Oak R i d g e  N a t i o n a l  
L a b o r a t o r y  (ORNL) ,  P r i n c e t o n  Plasma P h y s i c s  L a b o r a t o r y  
( P P P L ) ] ,  u n i v e r s i t i e s  [ i n c l u d i n g  U n i v e r s i t y  o f  
C a l i f o r n i a  Los Angelos  (UCLA),  U n i v e r s i t y  o f  C a l i f o r n i a  
San Diego  ( U C S D ) ,  U n i v e r s i t y  o f  S o u t h e r n  C a l i f o r n i a  
( U S C ) ,  J o h n s  Hopkins  U n i v e r s i t y ,  e t c . ]  a n d  f o r e i g n  
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c o u n t r i e s  [Russ ia , .  J apan ,  F r a n c e ,  England,  B r a z i l ,  and  
more] .  The c o l l a k o r a t i o n  w i t h  LLNL has been  e s p e c i a l l y  
s t r o n g .  S e v e r a l  d i a g n o s t i c s  are b e i n g  o p e r a t e d  r emote ly  
f rom LLNL, a n d  e x p e r i m e n t a l  da t a  i s  b e i n g  a n a l y z e d  
between s h o t s  on LLNL computers  s o  t h a t  a d j u s t m e n t s  may 
be made before the  n e x t  tokamak p u l s e .  Computer sys tems 
a t  LLNL are  a u t o m a t i c a l l y  n o t i f i e d  o f  e v e n t s  i n  t h e  shot  
s e q u e n c e  a n d  t h e s e  s y s t e m s  t h e n  c a n  a u t o m a t i c a l l y  
r lespond t o  t h e  e v e n t s  a t  GA. Computer f u n c t i o n a l i t y ,  
s u c h  as H e w l e t t - P a c k a r d ' s  S h a r e d  X have been  u s e d  t o  
s i m u l t a n e o u s l y  p r e s e n t  s c r e e n s  of o u t p u t  da ta  a t  both GA 
and  LLNL. These areas  of computer  f u n c t i o n a l i t y  are  
b e i n g  enhanced t o  i n c l u d e  more s o f t w a r e ,  remote s c r e e n s ,  
s h a r e d  s o f t w a r e ,  z.nd d e s k t o p  shared v i d e o .  

TFTR at PrLnceton Plasma Physics Laboratory 

Remote c o l l a b o r a t o r s  on t h e  Tokamak F u s i o n  T e s t  
R e a c t o r  ( T F T R )  can  now view any o f  t h e  c o m p u t e r i z e d  
(VAX-based) i n f o r m a t i o n  about  t he  exper iment .  Updates o f  
t h e  graphs o r  t abu la r  database views o c c u r  as  soon as  
new data  becomes ava i lab le .  I t  i s  c u r r e n t l y  p o s s i b l e  t o  
s p e c i f y  a n  a r b i t r a r y  s e l e c t i o n  of t h e  ava i l ab le  da ta  
waveforms f o r  a u t o m a t i c  p l o t t i n g  a f t e r  e v e r y  s h o t .  I n  
a d d i t i o n ,  any  s u b s e t  of t h e  more t h a n  t h i r t y  p l o t s  
c a l c u l a t e d  between s h o t s  by t h e  TFTR h i g h e r  level  data  
a n a l y s i s  program can  be a u t o m a t i c a l l y  directed t o  any  
remote s c r e e n .  D F a g n o s t i c - s p e c i f i c  c o d e s  c a n  be r u n  
a u t o m a t i c a l l y  a s  d a t a  becomes a v a i l a b l e ,  o r ,  f o r  
i n t e r a c t i v e  c o d e s ,  n o t i f i c a t i o n  t h a t  t h e  da ta  a re  
available can  be r e q u e s t e d .  In fo rma t ion  o r i g i n a l l y  n o t e d  
i n  t h e  P h y s i c s  O p e r a t o r ' s  l o g  books  o r  d i s p l a y e d  on 
overhead t r a n s p a r e n c i e s  ( p r o g r e s s  o f  t h e  c u r r e n t  
e x p e r i m e n t a l  p r o p o s a l )  h a s  b e e n  o r g a n i z e d  i n t o  
compute r i zed  databases, and e n t e r i n g  t h i s  data as a p a r t  
o f  a l l  r o u t i n e  o p e r a t i o n  has become the  norm. F o r  t h o s e  
d i a g n o s t i c s  which must make c o n t r o l  changes depending on 
chang ing  exper imenzal  c o n d i t i o n s ,  f o r  i n s t a n c e  t o  change 
s i g h t - l i n e s  o r  move p robes ,  f a i r l y  a c c u r a t e  knowledge of 
t h e  c u r r e n t  s h o t - c l o c k  t i m e  c a n  be c r i t i c a l .  T h e  TFTR 
s h o t  c l o c k  e m u l a t o r  w a s  deve loped  t o  s a t i s f y  t h i s  need .  
T h i s  p rogram w a s  t h e  f i r s t  t o  add t h e  u s e  of sound:  
programmable beeps  accompanied major c l o c k - c y c l e  t i m i n g  
e v e n t s .  These were v e r y  h e l p f u l ,  s i n c e  t h e y  made it less 
n e c e s s a r y  t o  mon i to r  t h a t  p a r t i c u l a r  s c r e e n  c l o s e l y .  

Data Acquisition can be Centralized or Distributed 

E x p e r i e n c e  has been g a i n e d  i n  d o i n g  data a c q u i s i t i o n  
i n  b o t h  a c e n t r a l i z e d  manner a n d  u s i n g  a d i s t r i b u t e d  
model. When t h e  da ta  a c q u i s i t i o n  system resides e n t i r e l y  
a t  t h e  c e n t r a l  s i t e ,  a s  f o r  TFTR, it i s  i m p o r t a n t  t o  
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give the remote user access to all-status, warning, and 
informational messages from the data acquisition and 
diagnostic control system, in addition to control of 
data acquisition and diagnostic parameters. When the 
data acquisition system has major components at the 
remote site, as in the collaboration by LLNL on the 
DIII-D tokamak at GA, both network bandwidth issues and 
the careful coordination of processing between the two 
sites become important. 

Sometimes the remote site has computational and 
storage capabilities that could provide important 
services for the entire experiment, in addition to 
serving the users at that site. This has also been the 
case in the GA/LLNL collaboration, where a sophisticated 
interprocess communication system has made it possible 
to take advantage of a network of computers at LLNL, 
doing fully distributed processing, in conjunction with 
synchronizing signals originating at GA, and returning 
analyzed results for archival with shot data processed 
locally. 

Enhanced Communication is  being Pursued 

The desirability of video and audio connections 
between the control room and remote collaborators has 
been evident for quite some time. Implementation of such 
links was delayed by high costs and by hardware and 
telephone network incompatibilities. This situation has 
changed dramatically with the availability of public 
domain desktop software for both audio and low- 
resolution video, using low-cost cameras and video 
capture boards. The software currently in use on TFTR is 
CU-SeeMe, from Cornel1 University, and MAVEN, from the 
University of Illinois; both are used on Macintosh 
platforms. 

The desktop video links now in use involve cameras at 
the University of Wisconsin and Los Alamos National 
Laboratory (LANL), and at several locations in the TFTR 
control room. Collaborators at any site can receive 
these transmissions on Macintoshes without any other 
special hardware except ordinary network connections. A 
microphone in the control room captures the public 
address system announcements, including the shot-clock 
countdown, and provides such a rich source of general 
information that TFTR staffers have begun to connect to 
it on their office computers. 

Additional camera views are currently being planned, 
including one of the control room annex, where the daily 
8:30 a.m. meetings occur. Initially, remote 
collaborators will only be able to see and hear these 
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m e e t i n g s ;  h o p e f u l l y ,  a c t i v e  p a r t i c i p a t i o n  w i l l  
e v e n t u a l l y  a l s o  become p o s s i b l e .  

A ‘View to the Future 

E x c i t i n g  But  U n c e r t a i n  

T h i s  i s  b o t h  a n  e x c i t i n g  and  d i f f i c u l t  t i m e  t o  be 
p r e d i c t i n g  t e c h n c l l o g i c a l  developments  and  t r e n d s .  With 
t e c h n o l o g y  rapidllyl c h a n g i n g  i n  r e s p o n s e  t o  t r emendous  
economic o p p o r t u n i t i e s ,  t h e  p r e s e n t  s t a t e  o f  t e c h n o l o g y  - 
i s  sometimes even d i f f i c u l t  t o  t r ack .  S o c i a l  r e s p o n s e  i s  
a n o t h e r  f a c t o r  zha t  m a k e s  t e c h n o l o g y  p r e d i c t i o n s  
d i f f i c u l t .  Some a p p a r e n t l y  u s e f u l  p r o d u c t s  w i l l  f a i l  
w h i l e  o t h e r  p r o d u c t s  t h a t  are  less o b v i o u s l y  u s e f u l  on 
t h e  s u r f a c e  may o v e r t a k e  o u r  community by s t o r m .  T h e  
f o l l o w i n g  d i s c u s s i o n s  n e e d  t o  be viewed i n  l i g h t  o f  
these u n c e r t a i n t i e s .  

QPPORTUNITIES : 

N e t w o r k i n g  

An e x c e l l e n t  network i n f r a s t r u c t u r e  i s  t h e  most basic 
t e c h n i c a l  r e q u i r e m e n t  f o r  e n a b l i n g  e f f e c t i v e  
c o l l a b o r a t i o n s .  Nea r ly  e v e r y  remote f u n c t i o n  w e  p e r f o r m  
demands fas t  r e l i a b l e  c o n n e c t i v i t y .  

The c u r r e n t  Energy S c i e n c e s  Network (ESNET) on which 
t h e  f u s i o n  community re l ies  c u r r e n t l y  r u n s  p r i m a r i l y  a t  
1 . 5  Megabits p e r  s e c o n d .  T h i s  speed w i l l  s h o r t l y  
i n c r e a s e  t o  45 Megabit p e r  s econd  and  w i t h i n  several 
y e a r s  w i l l  pass t h e  Gigabit  per second realm. 

I n t e r n a t i o n a l  n e t w o r k i n g  speeds a r e  p r o b l e m a t i c  
t o d a y .  C u r r e n t  at tempts a t  o v e r s e a s  c o l l a b o r a t i o n s  are 
s e r i o u s l y  hampered by  t h e  l a c k  o f  a d e q u a t e  n e t w o r k  
b a n d w i d t h .  E v e n t u a l l y  o v e r s e a s  n e t w o r k  speeds w i l l  
i n c r e a s e ,  b u t  t hese  ne twork  l i n k s  a re  e x p e c t e d  t o  
c o n t i n u e  t o  l a g  ESNET c a p a b i l i t y .  

T h e  t e c h n o l o g y  t o  s u p p o r t  l o c a l  area n e t w o r k i n g  
improvements  i s  c l e a r l y  becoming wide ly  ava i lab le  b o t h  
a t  t h e  backbone  leve l  and  a t  t h e  machine  i n t e r f a c e  
l eve l .  Over t h e  n e x t  s e v e r a l  y e a r s ,  l a b o r a t o r i e s  and  
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institutions which intend., to cell-aborate will need to 
continually invest in improving their infrastructure. 

Historically, with every increase in networking 
speeds, a corresponding increase in usage has occurred. 
Our community has an insatiable demand for network 
throughput. Collaborators will need predictable 
connectivity in order to operate successfully. To 
support deterministic responses for both controlling and 
observing equipment operation, as well as for accessing 
required data, emerging technologies such as dedicated 
virtual circuits must be implemented. 

Networking technology is however, being developed 
with a timeliness that will provide the required support 
for future collaborations. 

The  Project ion of a Presence 

To remain an active and contributing member of a 
research team, a collaborating engineer or physicist 
needs to maintain a "presence" at the experiment. This 
"presence" is not only in the control room, but also in 
other person to person contact situations such as 
scheduling meetings, research meetings, and shift 
turnover meetings. In the normal on-site research 
effort, hallway and lunch time conversation are also 
important. Many valuable communications involve chance 
meetings by colleagues. 

The next several paragraphs address how evolving 
technologies might be used to enhance a collaborator's 
"presence". 

Video Conferencing 

One technology for projecting a collaborator's 
"presence" is the use of Video Conferencing, both at the 
conference room level and the desktop level. 

High end video conferencing (VC) systems are 
proliferating rapidly. These VC systems provide 
excellent capabilities for holding point to point or 
multipoint conferences. The systems feature good 
quality video transmissions and excellent full duplex 
audio. High end VC systems also transmit overhead 
projections and allow for the integration of FAX 
transmissions and personal computer communications. For 
regularly scheduled meetings, these systems can work 
extremely well. Minimal systems today cost $25,000 to 
$50,000, however their cost is expected to drop rapidly. 

F u l l  duplex audio a l l o w s  both parties to talk a t  t h e  same time. 
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W i t h i n  t h e  f u s i o n  community,  these  s y s t e m s  w i l l  
i n i t i a l l y  r e l y  on c o n n e c t i v i t y  t h r o u g h  commercial  I S D N  
carr iers  and w i l l  n o t  a f fec t  o u r  network l o a d s .  When TPX 
and ITER b e g i n  o p e r a t i o n ,  these s y s t e m s  s h o u l d  be w e l l  
i n t e g r a t e d  w i t h  d e s k t o p  sys t ems .  

Desktop  c o n f e r e n c i n g  sys t ems  are  much less e x p e n s i v e  
a n d  a r e  j u s t  now b e g i n n i n g  t o  p r o l i f e r a t e .  Any 
h e s i t a t i o n  i n  i m p l e m e n t a t i o n  i s  d u e  t o  t h e  l a c k  o f  
bandwidth  on t h e  wide area and l o c a l  ne tworks .  

T h e  c a p a b i l i t i e s  o f  d e s k t o p  s y s t e m s  a re  r a p i d l y  
e x p a n d i n g .  The i n t e g r a t i o n  of v o i c e  a s  w e l l  as v i d e o  
w i l l  r e v o l u t i o n i z e  t h e  way w e  do  b u s i n e s s .  I n  a simple 
d e s k t o p  c a l l ,  a c o l l e a g u e  can  open a window t o  t h e i r  
l o c a t i o n  and  e n a b l e  f u l l  p o i n t  t o  p o i n t  o r  m u l t i p o i n t  
w o r k i n g  c o n v e r s a z i o n s .  C o l l a b o r a t o r s  w i l l  have t h e  
a b i l i t y  t o  view a:nd i n t e r a c t  w i t h  a c o l l e a g u e ' s  s c r e e n  
and  have t h e  t o o h  needed t o  d i s c u s s  working  documents 
a n d / o r  p e r t i n e n t  r e f e r e n c e  i n f o r m a t i o n .  

F u t u r e  Video 

I n  t h e  v i d e o  a r e n a ,  t h e  major  deve lopmen t s  w i l l  be 
c o n v e r t i n g  a l l  v i d e o  s y s t e m s  t o  d i g i t a l .  R e a s o n a b l y  
pr iced d i g i t a l l y  based v i d e o  servers w i l l  be avai lable  
i n  t h e  n e a r  f u t u r e .  These s y s t e m s  w i l l  r e l y  on h i g h l y  
e f f i c i e n t  compression a l g o r i t h m s  and shou ld  be available 
w i t h  l a rge  s t o r a g e  sys t ems .  For  f u s i o n  researchers t h i s  
w i l l  a l l o w  t h e  r e c o r d i n g  o f  many v i d e o  s i g n a l s  which 
t o d a y  are on ly  ava i lab le  i n  r ea l  t i m e .  These views w i l l  
l i k e l y  i n c l u d e  p lasma TV and  o t h e r  d i a g n o s t i c  v i d e o  
s i g n a l s ,  s u r v e i l l a n c e  cameras, and  i m p o r t a n t  m e e t i n g s .  
T h e  a b i l i t y  t o  reca l l  a u d i o  and v i d e o  from an  archive o f  
p r e d e t e r m i n e d  r e c o r d i n g s  w i l l  e n a b l e  b o t h  l o c a l  a n d  
r e m o t e  c o l l a b o r a t o r s  t o  keep  be t te r  i n f o r m e d  on t h e  
p r e s e n t  e x p e r i m e n t a l  d i r e c t i o n ,  p l a n s ,  and  i s s u e s .  

F l a t  Screens /Whi t s  Boards 

F l a t  s c r e e n  tecl inology advances  are l i k e l y  t o  enhance 
o u r  a b i l i t y  t o  communicate b o t h  l o c a l l y  and  r e m o t e l y .  
T h e  U S  government has r e c o g n i z e d  t h e  impor t ance  o f  f l a t  
d i s p l a y s  and  a l s c  t h a t  f o r e i g n  i n d u s t r i e s  have large 
development  e f f o r t s  i n  t h i s  area. A s  a r e s u l t ,  t h e  US 
h a s  begun a numher o f  i n i t i a t i v e s  t o  e n c o u r a g e  U S  
i n d u s t r y  t o  compete i n  ch is  area.  The c u r r e n t  c o s t  o f  
large f l a t  s c r e e n s  i s  c u r r e n t l y  q u i t e  high due p r i m a r i l y  
t o  t h e  i n f a n c y  of  m a n u f a c t u r i n g  t e c h n o l o g i e s .  Through 
i m p r o v e m e n t s  i n  p r o d u c t i o n  t e c h n i q u e s  a n d  f o r e i g n  
c o m p e t i t i o n ,  f l a t  s c r e e n  t e c h n o l o g y  s h o u l d  r a p i d l y  f a l l  
i n  p r i ce ,  making it w i d e l y  ava i lab le  f o r  a number of  
i n n o v a t i v e  u s e s .  
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Large touch sensitive flat screens with high 
definition television type resolution could become very 
popular replacements for current office blackboards. 
Such screens coupled with powerful processors could 
provide a number of new or enhanced functions. A system 
could be used to provide a blackboard surface which 
could be erased, saved, or retrieved from a previous 
discussion. The surface could be used locally or viewed 
by a remote collaborator who is made visible in a corner 
of the screen through video conferencing software. 
Incoming (video) phone calls might also be directed 
toward the screen. Flat screen technology might also be 
used in conference rooms to enable presentations and 
discussions. 

Location Independence 

Personal communication systems are systems that 
provide communications to an individual regardless of 
location. Such systems are currently being developed and 
tested in a variety of forms. 

One concept is the personal phone number. An 
individual carries a "phone" at all times. A global 
communications system tracks the location of the 
individual and directs incoming calls to them, whether 
in the office, at home, in a hallway or on a plane. 

Another similar concept provides all employees with an 
electronic ID badge. The badge enables a local 
communications system to know where the employee is at 
all times while on site. Incoming calls are directed to 
the telephone nearest the individual. The smart badge 
also contains a switch to allow am nI1m busy" response 
which would switch the caller to a voice mail system. 
This system also allows an individual to sit down at any 
computer terminal and have immediate access to their own 
desktop and file system. The smart badge concept could 
be easily expanded to couple a number of sites together 
so that collaborators at any site would appear to be 
integrated into a single system. 

Personnel and Equipment Protection 

One of the biggest concerns encountered when 
discussing remote, collaborative operation of 
experimental devices is the issue of authorized or 
unauthorized users intentionally or unintentionally 
operating devices which could harm people or equipment. 

9 



I t  is n e c e s s a r y  t o  r e c o g n i z e  t h i s  conce rn  and  t o  d e f i n e  
remote  o p e r a t i o n  as  a r e q u i r e m e n t  of  t h e  e x p e r i m e n t a l  
device e a r l y  on i r  t h e  d e s i g n  phase of t h a t  device. T h i s  
w i l l  t h e n  i n s u r e  t h a t  a p p r o p r i a t e  s a f e t y  f e a t u r e s  are 
€ u l l y  d e s i g n e d  m d  i n t e g r a t e d  i n t o  t h e  device a n d  
sys tems c o n t r o l l i n g  t h e  d e v i c e .  

Security 

Our r emote  c o l l . a b o r a t i o n s  r e l y  h e a v i l y  on access t o  
c u r r e n t  networks which are, i n  most cases “ w i d e  open” i n  
terms o f  s e c u r i t y .  G e n e r a l l y ,  t h e  e x t e n t  o f  s e c u r i t y  
employed t o d a y  i s  t h e  r equ i r emen t  f o r  i d e n t i f i c a t i o n  t o  
a sys tem v ia  a password. These passwords are t r a n s m i t t e d  
over t h e  I n t e r n e t  and  c o u l d  be e a s i l y  i n t e r c e p t e d  by 
m o d e r a t e l y  e d u c a t e d  hackers.  B e t t e r  s e c u r i t y  p r o t o c o l s  
are now growing i n  u s e  and c o u l d  be r e q u i r e d  f o r  f u t u r e  
c o l l a b o r a t i o n s .  T h e  mos t  p o p u l a r  c u r r e n t  s y s t e m ,  
Kerbe ros ,  re l ies  on a p u b l i c  and pr iva te  key sys t em f o r  
e n c o d i n g  a n d  d e c o d i n g  a l l  m e s s a g e s  i n c l u d i n g  t h e  
t r a n s m i s s i o n  of  the passwords  themselves. 

Data Dependencies 

Anothe r  conce rn  i s  f o r  t h e  i n t e g r i t y  of  t h e  da ta  a t  
a l l  s tages ,  from raw da ta  p o i n t s  t o  f u l l y  a n a l y z e d  data 
sets.  F o r  example,  a c a l c u l a t i o n  o f  r e s u l t s  f rom a n  
e x p e r i m e n t  migh t  r e l y  on i n p u t  d a t a  f r o m  s e v e r a l  
d i a g n o s t i c s .  P h y s i c i s t s  c o u l d  c o n c e i v a b l y  be o p e r a t i n g  
t h e i r  d i a g n o s t i c s  f r o m  d i f f e r e n t  r e m o t e  s i t e s .  
P o t e n t i a l l y ,  a t  a l a t e r  t i m e ,  a c a l i b r a t i o n  c o u l d  
change such  t h a t  t h e  i n p u t  from one d i a g n o s t i c  s h o u l d  be 
r e c a l c u l a t e d  b y  a l l  who have u s e d  t h a t  d a t a  i n  
subsequen t  c a l c u l a t i o n s .  The management and c o o r d i n a t i o n  
o f  da ta  from a n  expe r imen t  as c o m p l i c a t e d  as  a Tokamak 
c o u l d  f a s t  become a n igh tmare .  T h i s  is ,  however, n o t  a 
t e c h n i c a l  p r o b l e m ,  b u t  r a t h e r  a management  a n d  
a d m i n i s t r a t i v e  problem t h a t  i f  r e c o g n i z e d  e a r l y  i n  t he  
d e s i g n  phase o f  t h e  da ta  a c q u i s i t i o n  a n d  a rch iva l  
s y s t e m  c a n  b e  a d d r e s s e d  b y  managemen t  a n d  
a d m i n i s t r a t i v e  s o l u t i o n s .  I t  s h o u l d  be n o t e d  t h a t  t h i s  
i s s u e  i s  n o t  u n i q u e  t o  d i s t r i b u t e d  a n d / o r  r e m o t e l y  
l o c a t e d  sys t ems ,  h u t  i s  one t h a t  we grapple w i t h  t o d a y  
i n  o u r  p u r e l y  l o c a l  sys t ems .  

Common User Interfaces 

A c o n c e r n  t h a t  :nany p h y s i c i s t s  e x p r e s s  t o d a y  i s  t h a t  
much time a n d  many d o l l a r s  have b e e n  i n v e s t e d  i n  
e x i s t i n g  s o f t w a r e .  Rewr i t ing  major codes  t o  a c c e p t  a l i e n  
da t a  f o r m a t s  seems t o  be a i n s u r m o u n t a b l e  e f f o r t .  
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Additionally, individual experimenters at different 
sites have become accustomed to familiar user interfaces 
or to particular operating systems. There seems to be an 
inertia to change. We predict, however, that over the 
next several years this inertia will molt into action. 
Along with the development of Graphical User Interfaces 
(GUI) and 5th generation languages the tools to convert 
existing coded to machine interoperable codes will be 
developed and readily commercially available. The 
motivation for conversion may initially be for machine 
cycles and will happen well before the need for 
conversion for TPX or ITER data analysis. 

Sociological Considerations 

Sociological issues are a final great concern. Some 
people are resistant to change, and increased 
collaboration brings with it many changes. These changes 
involve both technical and interpersonnel aspects of 
dealing with people. New skills will be needed to deal 
with remote video, white boards, teleconferencing, 
virtual reality, and the other mechani.ca1 parts that are 
used to increase remote collaboration. A more difficult 
arena is to develop relationships with other people, 
when the amount of actual face-to-face contact is 
minimum. Ways must be developed to keep the same 'look 
and feel' of interpersonal relationships, so that trust 
and good working relationships can be built. 

Conclusions 
Remote Participation and Operation will be Ordinary 

With the advancement of telecommunications and 
computing power over the next decade, the scientific 
community will have the opportunity to dramatically 
revise the definition of what constitutes direct 
participation in experiments. We anticipate that all the 
collaborative "parties" will be able to participate 
directly and meaningfully in, as well as monitor, the 
operations of the TPX, and eventually the ITER, using 
remote sites located at each participating institution. 

From Single Point to Large Scale Collaborations 

The concept of extensive remote participation in major 
experiments is not new, it is a current reality but on a 
modest scale. Existing communication technology has 
allowed scientists to remotely access experiments and 
other collaborations world-wide, to employ remote, real 
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t i m e  da t a  access, and  i n  some cases t o  m o n i t o r  a n d  
c o n t r o l  s p e c i f i c  d i a g n o s t i c  c a p a b i l i t i e s  f rom home 
si tes.  

Many s t e p s  have been  made i n  m e c h a n i c a l  means t o  
e n h a n c e  c o l l a b o r a t i o n .  These i n c l u d e  s o f t w a r e  a n d  
hardware  t o  f a c i l i t a t e  remote  communication. The t o o l s  
available now have been t r ied o n l y  i n  l i m i t e d  i n s t a n c e s ,  
and have deal t  o n l y  w i t h  a f e w  peop le .  For  TPX and ITER, 
much larger groups of  peop le  and more c o l l a b o r a t o r s  w i l l  
be s i m u l t a n e o u s l y  i n v o l v e d .  A d d i t i o n a l l y  t h e  s c o p e  w i l l  
be expanded  t o  i n c l u d e  r emote  comprehens ive  tokamak 
c o n t r o l .  

A Vision for ITER 

By t h e  y e a r  2 0 0 0 ,  w e  p r e d i c t  t h a t  t e c h n o l o g y  
advancements w i l l  a l l o w  f o r  f u l l  remote o p e r a t i o n  of  t h e  
I T E R  f r o m  several  c o n t r o l  rooms s i t e d  a t  d i s t a n t  
l o c a t i o n s  a round  t h e  wor ld .  W e  a l s o  p r e d i c t  t h a t  t h e  
u t i l i z a t i o n  o f  these t e c h n o l o g i e s ,  i n  p a r t i c u l a r  t h e  
communica t ion  t e c h n o l o g i e s  s u c h  a s  v i d e o  a n d  w h i t e  
b o a r d s  will have become s o  o r d i n a r y ,  t h a t  t h e  
s o c i o l o g i c a l  c o n c e r n s  of  t o d a y  w i l l  be memories of a 
p a s t  g e n e r a t i o n .  Management i s s u e s  i d e n t i f i e d  above are 
c l e a r l y  r e s o l v a b l e ,  ~ e s p e c i a l l y  i n  t h e  t i m e  scale  
i n v o l v e d .  W e  a r e ,  however ,  o n l y  i n  t h e  p o s i t i o n  o f  
i d e n t i f y i n g  and d e f i n i n g  these areas t o  management; n o t  
i n  a p o s i t i o n  t o  ,suggest  t h e  a d m i n i s t r a t i v e  s o l u t i o n s .  
F i g u r e  1. depicts o u r  v i s i o n  f o r  ITER o p e r a t i o n s .  
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