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1. INTRODUCTION 

T h i s  r e p o r t  c o n s i d e r s  i n  d e t a i l  t h e  u s e  o f  an e x i s t i n g  p u b l i c  network 

t o  p r o v i d e  a c c e s s  t o  a  N a t i o n a l  Computat ional  F a c i l i t y  from t e r m i n a l s  a t  

numerous s i t e s  th roughout  t h e  coun t ry  and t o  pe rmi t  computer t o  computer 

communications. A t  t h e  p r e s e n t  t ime  two p u b l i c  networks a r e  a v a i l a b l e ,  

GTE's T e l e n e t  and Tymnet o p e r a t e d  by TYMSHARE. T e l e n e t  o f f e r s  s i g n i f i c a n t  

advan tages  o v e r  Tymnet and t h e  f a c i l i t i e s  i t  o f f e r s  are t h e  b a s i s  o f  t h e  

d i s c u s s i o n  i n  t h i s  paper .  

T e l e n e t  i s  value-added network which o f f e r s  s i g n i f i c a n t  advan tages  o v e r  

t h e  u s e  t o  l e a s e d  l i n e s  between d e s i g n a t e d  nodes i n  a c o m u n i c a t l o n s  sys tem 

developed and main ta ined  by a  u s e r .  These advan tages  r e s u l t  from t h e  s h a r i n g  

o f  network r e s o u r c e s  among a number o f  u s e r s ,  o v e r  300 s e p a r a t e  c o p o r a t e  

e n t i L i e s  i n  t h e  c a s e  o f  T e l e n e t .  

complete-end-to-etzd switched service 

T e l e n e t  u n d e r t a k e s  t o  a r r a n g e  f o r  connec t ing  use  equipment ,  wherever 

l o c a t e d ,  t o  i t s  network.  I n  many a r e a s  th roughout  t h e  US a  t e r m i n a l  

of any k i n d  can be  connected t o  T e l e n e t  through a  l o c a l  phone c a l l .  

Connect ions  from o t h e r  s i tes can b e  a r r a n g e d  i n  s e v e r a l  ways, i n c l u d i n g  

as a  d e d i c a t e d  a c c e s s  f a c i l i t y  a t  a  f i x e d  charge  f o r  u n l i m i t e d  a c c e s s  

t o  T e l e n e t .  1.t i s  n o t  n e c e s s a r y  t o  r e c o n f i g u r e  o r  Feopr imize  L l ~ e  

network as i t  expands.  

distance independent pricing 

One of  t h e  most s i g n i f i c a n t  f e a t u r e s  o f  T e l e n e t  i s  t h e  way . i ts  

s e r v i c e s  a r e  p r i c e d .  Charges a r e  based on t h e  number o f  p a c k e t s  

(128 c h a r a c t e r s )  o f  d a t a  s e n t  w i t h o u t  r e g a r d  t o  t h e  d i s t a n c e  which 

t h e s e  p a c k e t s  t r a v e l .  Users  a l s o  pay an  h o u r l y  p o r t  charge  f o r  d i a l - i n  

p o r t s  o r  a  monthly charge  f o r  a  d e d i c a t e d  p o r t  p l u s  a v a r i a b l e  f e e  

based  on t h e  t o t a l  number o f  p a c k e t s  t r a n s m i t t e d  each  month. S u b s t a n t i a l  

volume d i s c u u u t s  are a p p l i e d  t o  t h e s e  c h a r g ~ s  f n r  a customer  (e .g .  f o r  a  



n a t i o n a l  computer c e n t e r  t o g e t h e r  w i t h  a l l  i t s  u s e r s )  which h a s  a 

monthly b i l l i n g  i n  e x c e s s  of $5,000 p e r  month. 

cononmications among diss imi lar  computers and t e m i n a l s  

T e l e n e t  p r o v i d e s  t h e  a b i l i t y  f o r  t h e  code,  speed ,  and format  

t r a n s l a t i o n  n e c e s s a r y  t o  e n a b l e  any t e r m i n a l  o r  computer t o  a c c e s s  an  

o t h e r w i s e  i n c o m p a t i b l e  h o s t  computer.  T e l e n e t  u s e s  t h e  i n t e r n a t i o n a l l y  

a c c e p t e d  X.24 s t a n d a r d  p r o t o c o l  which h a s  now been adopted by every major , 

computer manufac tu re r .  I t  i s  t h e r e f o r e  unnecessary  f o r  t h e  u s e r  t o  pay 

f o r  t h e  c o s t  o f  deve lop ing  and m a i n t a i n i n g  h i s  own s o f t w a r e  t o  accomplish  

t h i s .  

. r e  l i a b i l i t y ,  ava i l ab i l i t y ,  and accuracy 

T e l e n e t  p r o v i d e s  redundant  l i n k s  t o  every  s w i t c h i n g  p r o c e s s o r  i n  

t h e  network.  S o p h i s t i c a t e d  s o f t w a r e  p r o v i d e s  f o r  dynamic s e l e c t i o n  of 

a l t e r n a t e  r o u t e s .  A d u p l i c a t e  copy of each packe t  whose r e c e i p t  i s  

n o t  acknowledged i s  t r a n s m i t t e d .  An e r r o r  d e t e c t i o n  and c o r r e c t i o n  

scheme e n s u r e s  an e r r o r  t r a n s m i s s i o n  r a t e  o f  l e s s  t h a n  one p a r t  i n  

1 0 l 2 .  

F u r t h e r  d i s c u s s i o n  o f  t h e  computa t iona l  c e n t e r  f o r  t h e o r e t i c a l  p h y s i c s  

I s  Lased on t h e  u s e  of TeJene t .  For t h i s  purpose  t h e  N a t i o n a l  Computat ional  

Cen te r  f o r  T h e o r e t i c a l  P h y s i c s  would s u b s c r i b e  t o  T e l e n e t  as a  s i n g l e ,  c o r p o r a t e  

customer.  A l l  cha rges  f o r  t h e  u s e  o f  T e l e n e t  by t h e  Cen te r  by its a u t h o r i z e d  

u s e r s  o f  T e l e n e t .  T h e r e f o r e  t h e s e  c h a r g e s  would be  s u b j e c t  t o  t h &  s u b s t a n t i a l  

volume d i s c o u n t s  a v a i l a b l e  t o  any T e l e n e t  customer.  



2. NETWORK COMMLR\JCIATIONS, FOR A NATIONAL COMPUTATIONAL FACILITY 

2 . 1  Requirements 

Some g o a l s  i n  e s t a b l i s h i n g  a N a t i o n a l  Computat ional  F a c i l i t y  f o r  t h e o r y  

would b e  (1)  t o  p r o v i d e  uniform a c c e s s  by a l l  u n i v e r s i t y - b a s e d  s c i e n t i s t s ,  

t o  a supercomputer ,  ( 2 )  t o  f a c i l i t a t e  exchange o f  programs and encourage 

t h e  cievebpment of s o f t w a r e  l i b r a r i e s , ( 3 )  t o  p r o v i d e  a c c e s s  t o  d a t a  b a s e s ,  

and ( 4 )  t o  reduce  w a s t e f u l  d u p l i c a t i o n  of e f f o r t  and encourage c o l l a b o r a t i i o n  

on s i g n i f i c a n t  c o m p u t a t i o n a l l y  demanding problems. A key e lement  t o  t h e  

s u c c e s s  o f  s11c.h a c e n t e r ,  o r  any v e n t u r e  i n v o l v i n g  s h a r e d  computer r e s o u r c e s  

and d a t a  b a s e s ,  i s  t h e  e s t a b l i s h m e n t  of good communications a t  a c o s t  e f f e c t i v e  

l e v e l .  The c o s t  e f f e c t i v e n e s s  must b e  determined by a n a l y z i n g  t h e  s a v i n g s  

from t h e  development o f  s h a r e d  s o f t w a r e ,  t h e  more e f f i c i e n t  use  o f  hardware ,  

and t h e  r e d u c t i o n  o f  "hidden" c o s t s  f o r  t h e  management of computer r e s o u r c e s  

by r e s e a r c h  f a c u l t y  ( i n c l u d i n g  g r a d u a t e  s t u d e n t s  and p o s t d o c t o r a l  r e s e a r c h  

a s s o c i a t e s . )  

The o p e r a t i o n a l  r equ i rements  f o r  a communications sys tem t o  accomplish  

t h e s e  g o a l s  a r e  t h e  f o l l o w i n g :  

(1)  a c c e s s i b i l i t y  by puhl jc .  t e l e p h o n e  u s i n g  an_y t e r m i n a l  w i t h  a r l  a c o u s t i c  

c o u p l e r  a t  s p e e d s  form 110 bps t o  at  l e a s t  1200 bps ;  p r o v i s i o n  f o r  

nodes c o n s i s t i n g  o f  a  l a r g e  number o f  t e r m i n a l s  and f a s t  l i n e  p r i n t e r s ;  

( 2 )  s u p p o r t  f o r  computer t o  computer communications u s i n g  t h e  i n t e r n a t i o n a l l y  

a c c e p t e d  X .  25 protoc .a l  ; 

( 3 )  r e l i a b l e  and a c c u r a t e  t r a n s m i s s i o n  of d a t a ;  

( I )  c o n t r o l l e d  a c c e s s  by a u t h o r i z e d  u s e r s  w i t h  a n  a c c u r a t e  a c c o u n t i n g  

by u s e r  and by s i t e  of connect  t i m e  and t r a f f i c  c h a r g e s ;  

(5) i n t e r n a t i . o n a 1  l i n k s  t o  major  computing c e n t e r s  th roughout  t h e  

world  and a c c e s s i b i l i t y  by' a u t h o r i z e d  u s e r s  on a  world-wide s c a l e .  

These r e q u i r e m e n t s  can be met by u s i n g  t h e  f a c i l i t i e s  and s e r v i c e s  

p rov ided  by T e l e n e t  t o  i t s  customers .  



2.2 A v a i l a b l e  F a c i l i t i e s  and S e r v i c e s  

2 . 2 . 1  Network Coverage 

As a packe t  s w i t c h i n g  network T e l e n e t  c o n s i s t s  of ( 1 )  s w i t c h i n g  and 

network a c c e s s  c e n t e r s  c a l l e d  "Te lene t  c e n t r a l  o f f i c e s "  (TCO), (2)  t r a n s m i s s i o n  

f a c i l i t i e s  l e a s e d  from o t h e r  common c a r r i e r s ,  (3)  a network c o n t r o l  c e n t e r  

and (4)  network a c c e s s  equipment l o c a t e d  on customers '  p remises .  A u s e r  

can a c c e s s  t h e  network by l e a s i n g  an a c c e s s  p o r t  o r  by d i a l i n g  i n t o  t h e  

n e a r e s t  TCO. C u r r e n t l y  t h e r e  a r e  9 1  s w i t c h i n g  c e n t e r s  which p r o v i d e  a c c e s s  

t h r n ~ i g h  a l o c a l  c a l l  t o  182 U.S. c i t i e s  w i t h  a p o p u l a t i o n  of 50,000 o r  

more. T e l e n e t  p r o v i d e s  WATS l i n e s  f o r  u s e r s  i n  o t h e r  l o c a t i o n s .  C u r r e n t l y  

t h e r e  a r e  o v e r  300 s u b s c r i b e r s  t o  T e l e n e t  i n c l u d i n g  a  number of u n i v e r s i t i e s ,  

government a g e n c i e s ,  and p r i v a t e  c o r p o r a t i o n s .  These s u b s c r i b e r s  p r o v i d e  

a v a r i e t y  o f  s e r v i c e s  t o  u s e r s  th roughout  t h e  world .  

T e l e n e t  i s  c u r r e n t l y  i n t e r c o n n e c t e d  t o  t h e  Datapac network o p e r a t e d  

by t h e  Trans  Canada Telephone System, which p r o v i d e s  a c c e s s  t o  o v e r  55 

Canadian c i t i e s .  DASNET, a  p a c k e t  network o p e r a t e d  i n  Hawaii  by t h e  

Hawaiian Telephone Network, i s  a l s o  connected t o  T e l e n e t .  Through o t h e r  

c a r r i e r s  T e l e n e t  p r o v i d e s  communications s e r v i c e s  between the U.S. and 22 

o t h e r  c o u n t r i e s  and o v e r s e a s  p o i n t s  i n  North  America, Europe,  t h e  P a c i f i c  

and t h e  F a r  E a s t .  P a c k e t  s w i t c h i n g  networks  based on X.25 p r o t o c o l  exlst 

o r  are b e i n g  developed i n  many European c o u n t r i e s  a s  w e l l  a s  Japan  and 

A u s t r a l i a ,  Eurone t  i s  a packe t  s w i t c h i n g  network f o r  a l l  t h e  Common 

Market C o u n t r i e s .  

2 .2 .2  O p e r a t i o n  o f  t h e  T e l e n e t  Network 

T e l e n e t  connec t s  t e r m i n a l s  t o  h o s t s  th rough  T e l e n e t  c e n t r a l  o f f i c e s  

o r  TCO's. Each TCO i s  connected t o  a t  l e a s t  t h r e e  c i t i e s  t o  p r o v i d e  

enhanced r e l i a b i l i t y ,  a c c e s s i b l i t y ,  and s e r v i e c .  The TCO r e c o g n i z e s  any 

t e r m i n a l  t y p e  and p r o p e r l y  encodes and decodes  d a t a  t o  and from t h a t  t e r m i n a l  

i n  t h e  a p p r o p r i a t e  f o r m a t ,  i . e .  t h e  TCO sets up t h e  l i n e  w i d t h ,  s u p p l i e s  t h e  



a p p r o p r i a t e  c a r r i a g e  r e t u r n ,  e t c .  

The TCO encodes d a t a  from a  t e r m i n a l  i n  b locks  no t  exceeding 128 

c h a r a c t e r s  i n t o  "packets"  o f  v a r i a b l e  l e n g t h  b u t  n o t  exceeding 8192 b i t s .  

Each packe t  c o n s i s t s  o f  a  s t a r t  i n d i c a t a ,  a  header ,  t h e  t e x t  o f  t h e  message, 

a  t e rmina t i on  i n d i c a t o r ,  and a  16 t o  24 b i t  "cycl ic .  redundance check" f o r  

e r r o r  d e t e c t i o n .  The TCO's r o u t e  each message through t o  i t s  d e s t i n a t i o n  

u s ing  t h e  address  and c o n t r o l  in format ion  i n  each packe t .  I f  any node is  

unable  t o  send a  packe t  over  t h e  nex t  scheduled l e g  of i t s  journey due t o  

conges t ion  o r  f a i l u r e  of a  l i n e ,  i t  w i l l  s e l e c t  a  new r o u t e  and send i t  on 

i t s  way. The l a s t  node i n  t h e  network t o  r e c e i v e  t h e  packe t  s t r i p s  o f f  t h e  

address  and c o n t r o l  i n fo rma t ion ,  assembles t h e  packe t s  i n  p roper  sequence 

and format and sends them t o  t h e  d e s t i n a t i o n  t e rmina l  o r  computer. 

The average network de lay  of a packet  i s  200 mi l l i s econds .  The TCO 

n e a r e s t  t h e  sender  s e t s  up a  bookkeeping system and checks on r e c e i p t  of 

t h e  packe ts .  I f  r e c e i p t  of a  packet  i s  no t  acknowledged by t h e  nex t  TCO 

w i t h i n  100 m i l l i s e c o n d s ,  t h e  l o c a l  TCO sends a  copy of t h e  packe t .  The TCO 

n e a r e s t  t h e  d e s t i n a t i o n  must send an  "acknowledgement of r e c e i p t "  a f t e r  

every seven pac.k.ets. If no t  r ece ived  by t h e  i n i t i a t i n g  TCO, i t  then  sends  

a  copy of t h e  prev ious  seven packe t s .  More t han  one copy of a packe t  may 

reach  t h e  TCO n e a r e s t  t h e  in tended  d e s t i n a t i o n ,  b u t . o n l y  one copy i s  senr 

on t o  t h e  h o s t  i n  t h e  p rope r  sequence. The c y c l i c  redundancy check (CRC) 

-12 
prov ides  f o r  an  e r r o r  r a t e  of less than  10  when t h e  CRC is  s a t i s f i e d .  

This  i s  equ iva l en t .  t o  once i n  32 y e a r s  on a  g iven  l e g  of t h e  network. 

The switching p roces so r  a t  e2ch TCO i s  a  Prime minicomputer supe rv i s ed  

by two network c o n t r o l  c e n t e m  (NCC) w i t h  d u a l  r e s p o n s i b i l i t i e s  t o  moni te r  

t h e  func t i on ing  of t h e  sw i t ch ing  process.3rs.  Each TCO-cont inual ly  i s s u e s  

"handshakes" t o  t h e  two N C C ,  which t a k e  c o r r e c t i v e  a c t i o n  i n  t h e  event  of 

f a i l u r e  of a  TCO. I f  a  TCO "dies"  ano the r  computer assumes i t s  r o l e .  The 

NCC a l s o  keep r eco rds  of connect t ime ,  t h e  number of packe t s  exchanged between 



two devices, etc. Thus Telenet is able to supply a user with the accounting 

information necessary for allocating service charges within his organization. 

2.2.3 Electronic Mail 

The electronic mail system operated by Telenet provides a very cost 

effective alternative to other means of communications between a central 

facility and individuals or groups of users, as well as among users. The 

system prov.ides for the entry, editing, accessing, and storing of letters, 

memos, or "bulletin boards" to be distributed by individual or group name. 

The system can easily be used by secretaries with minimal training. The 

cost is base primarily 011 a connect charge of $13.25 per hour before 

18:OO local time and $3.00 per hour later. 



2.3 Proposed S t r u c t u r e  o f  t h e  Communications System 

The communications sys tem prbposed f o r  t h e  sys tem r e c o g n i z e s  t h e  need 

f o r  d i s t i n c t  t y p e s  o f  s e r v i c e :  (1)  a c c e s s  by i n d i v i d u a l  u s e r s  equipped w i t h  

a v a r i e t y  o f  t e r m i n a l s ,  (2)  nodes l o c a t e d  i n  l a r g e  r e s e a r c h  groups  w i t h  

s e v e r a l  t e r m i n a l s  and a  f a s t  l i n e  p r i n t e r , -  and (3 )  computer t o  computer 

communications f o r  t h e  t r a n s m i t t a l  o f  d a t a  o r  r e s u l t s  t o . t h e  h o s t  super-  

computer. These needs  can be met by u s i n g  t h e  f u l l  r a n g e  o f  f a c i l i t i e s  and 

s e r v i c e s  o f f e r e d  by T e l e n e t .  

I s h a l l  assume t h a t  t h e  major  component o f  a  N a t i o n a l  Computat ional  

F a c i l i t y  i s  a supercomputer  w i t h  an  i n t e g r a t e d  t e r r a b i t  mass s t o r a g e  

sys tem housed i n  a c e n t e r  t o g e t h e r  w i t h  t h e  s t a f f  r e s p o n s i b l e  f o r  t h e  

o p e r a t i o n  of t h e  NCF: c o n s u l t a n t s ,  programmers, documentar ians ,  l i b r a r i a n s ,  

t e c h n i c i a n s ,  and o f f i c e  s t a f f .  T h i s  c e n t e r  w i l l  be  connected t o  t h e  network 

i n m . t h e  supercomputer  on i t s  " f r o n t  end" u s i n g  an X.25 s o f t w a r e  i n t e r f a c e  

through a 56Kb d e d i c a t e d  a c c e s s  f a c u l i t y  OAF) t o  t h e  n e a r e s t  TCO ( T e l e n e t  

c e n t r a l  o f f i c a ) .  A DAF i n c l u d e s  a d e d i c a t e d  p o r t  a t  t h e  n e a r e s t  TCO, modems 

o r  d i g i t a l  i n t e r f a c e  u n i t s ,  and t h e  t r a n s m i s s i o n  l i n e  between t h e  TCO and 

customer s i t e .  

A second component of t h e  NCF w i l l  b e  a number o f  nodes (pe rhaps  10)  

l o c a t e d  i n  major  l a b o r a t o r i e s  through t h e  coun t ry .  Each such node w i l l  be  

assumed t o  have a computer which p r o v i d e s  some l o c a l  p r o c e s s i n g  and a c t s  

as a c o n c e n t r a t o r  f o r  a l a r g e  number of t e r m i n a l s  and d r i v e s  a  f a s t  l i n e  

p r i n t e r .  T h i s  computer w i l l  a l s o  be  connected t o  t h e  network th rough  a 

DAF, o p e r a t i n g  a t  t h e  l e s s  c o s t l y  speed o f  9600 baud.   his computer w i l l  

a l s o  u s e  an X.25 s o f t w a r e  i n t e r f a c e  t o  t h e  network.  1 
* 

A t h i r d  component w i l l  be  a l a r g e  number (pe rhaps  100) DAF o p e r a t i n g  

at  1200 baud and p r o v i d i n g  u n l i m i t e d  a c c e s s  a t  a  f i x e d  monthly charge  t o  

u s e r s  (groups  o r  i n d i v i d u a l s )  r e q u i r i n g  more t h a n  100 hours  o f  connect  t ime  



e a c h  month. Each DAF w i l l  s u p p o r t  any t e r m i n a l  w i t h  an  a c o u s t i c  c o u p l e r .  

A l e a s e d  TP (Te lene t  p r o c e s s o r )  cou ld  s u p p o r t  from t h r e e  t o  f o u r t e e n  

t e r m i n a l s .  

' 

F i n a l l y ,  I s h a l l  assume a  l a r g e  number o f  u s e r s  who r e q u i r e  less t h a n  

100 hours o f  connect  t ime  each month and use  d i a l - i n  p o r t s  th rough  a l o c a l  

t e l e p h o n e  c a l l .  These u s e r s  w i l l  b e  a b l e  t o  u s e  any t e r m i n a l  w i t h  an  

a c o u s t i c  coup l ing  which o p e r a t e s  a t  110,  300, o r  1200 band. I f  a  u s e r  i s  

n o t  a t  a t e l e p h o n e  which i s  l o c a l  t o  a TCO, t h e r e  are s e v e r a l  a l t e r n a t i v e s  

t o  l o n g  d i s t a n c e  charges .  A phone connected t o  a  " f o r e i g n  exchange" can 

o f t e n  be  a r r a n g e d  at a  modest a d d i t i o n a l  monthly charge.  A s  a n  a l t e r n a t i v e  

T e l e n e t  w i l l  p r o v i d e  a In-WATS l i n e  t o  any l o c a t i o n  t o  p r o v i d e  s e r v i c e  a t  

$15.00. F i n a l l y  a  DAF which p r o v i d e s  u n l i m i t e d  a c c e s s  t o  any l o c a t i o n  can 

be l e a s e d  a t  $360 monthly f o r  a 1200 band l i n e .  S i n c e  t h i s  charge i s  

independent  o f  s i t e  and i n  l i e u  o f  any l o n g  d i s t a n c e  o r  connect  c h a r g e s ,  

t h e  DAF i s  u s u a l l y  t h e  most c o s t  e f f e c t i v e  arrangement  f o r  any u s e r  who 

i n c u r s  connect  charges  i n  e x c e s s  of 100 hours  p e r  month ( a t  $3.90 p e r  h o u r ) .  

Communications among t h e  computers a s s o c i a t e d  w i t h  the i .Na t iona1  

Computer F a c i l i t y ,  i n c l u d i n g  t h e  h o s t ,  a r e  e a s i l y  e s t a b l i s h e d  u s i n g  X . 2 5  

s o f t w a r e  i n t e r f a c e s .  Th i s  means t h a t  computers i n  l a r g e  u s e r  groups  can 

communicate w i t h  t h e  c e n t r a l  supercomputer  and w i t h  each o t h e r .  Moreover, 

t h e  h o s t  supercomputer can s o l i c i t  d a t a  from t h e  management computer f o r  

any l a r g e  d a t a  b a s e  on T e l e n e t  and s t o r e  i t  f o r  ready u s e  by one of i t s  

u s e r s  o r  forward i t  t o  a n o t h e r  node. 



3. COST ESTIMATES 

Any c o s t  e s t i m a t e  f o r  t h e  communications sys tem of t h e  N a t i o n a l  

Computat ional  F a c i l i t y  must h e  b a s e d  on some s c e n a r i o  f o r  t h e  usage  o f  

t h e  c e n t r a l  supercomputer  o r  o t h e r  computers i n  t h e  sys tem,  Monthly 

c h a r g e s  a r e  independent  o f  t h e  d i s t a n c e  between two c o r r e s p o n d e n t s .  

I n s t e a d  charges  d i v i d e  by c a t e g o r i e s :  (1)  DAF monthly charges  f o r  

u n l i m i t e d  a c c e s s ,  (2) connect  c h a r g e s  t o  t h e  network f o r  d i a l - i n ,  and 

(3)  t r a f f i c  charges  based  on $0.50 p e r  k i l o p a c k e t  w i t h  each  k i l o p a c k e t  

r e s t r i c t e d  t o  128 c h a r a c t e r s  o r  1024 b i t s .  

Any c a l c u l a t i o n  o f  charges  must t a k e  account ,  however, o f  t h e  s p e c i a l  

low r a t e  a v a i l a b l e  from 18:OO t o  7:00 l o c a l  t ime and a l l  day Sa tu rday  and 

Sunday as w e l l  as some h o l i d a y s .  T h i s  r a t e  i s  $0.75 p e r  hour  of connect  

t ime i n c l u d i n g  a t r a f f i c  a l lowance of 2 f r e e  k i l o p a c k e t s  p e r  hour .  Indeed,  

communication c o s t s  cou ld  b e  reduced c o n s i d e r a b l y  by making t h e s e  hours  

s u f f i c i e n t l y  a t t r a c t i v e  t o  u s e r s  t o  g i v e  a uniform l o a d  d i s t r i b u t i o n  on t h e  

system. A minimum monthly charge  o f  $7,500 i s  imposed f o r  t h i s  s e r v i c e .  

The f o l l o w i n g  d i s c u s s i o n  o f  c o s t s  i s  based un a p a t t e r n  of r a t h e r  

heavy usage by a l a r g e  community o f  u s e r s .  Ten nodes  e s t a b l i s h e d  a t  

L a b o r a t o r i e s  w i t h  pe rhaps  20-30 a c t i v e  u s e r s  i n  a l l  d i s c i p l i n e s  w i l l  s e r v e  

200-300 r e s e a r c h  s c i e n t i s t s .  One hundred DAF ( d e d i c a t e d  a c c e s s  f a c i l i t i e s )  

a t  1200 band shou ld  be expec ted  t o  s e r v e  a n o t h e r  200-300 p e o p l e  a c t i v e l y  

engaged i n  computing. I e s t i m a t e  c o s t s  f o r  d i a l - i n  s e r v i c e  by assuming 

50% o f  t h e  u s e r s  a t  any t ime  . t o  b e  connected by t e lephone .  The p a t t e r n  o f  

usage employed t o  e s t i m a t e  c o s t s  a l l o w s  f o r  16,380 user-hours/month by 

d i a l - i n .  T h i s  a l l o w s  50 hours/month t o  each  of 327 d i a l - i n  u s e r s .  Thus 

t h e  s c e n a r i o  p r o v i d e s  f o r  700-900 a c t i v e  u s e r s  i n  a g iven  month. 

With t h e s e  assumptions  t h e  communications a r e  e s t i m a t e d  i n  the  f o l l o w i n g  

  table^, Tab le  I and. Tab1.e T I .  



TABLE I 

Schedule  o f  Monthly Cos t s  

I. Dedicated a c c e s s  f a c i l i t i e s  

1 56 K b  - supercomputer  c e n t e r  $ 2,100 
1 0  9 .6  K b  - nodes 11 ,000  
100 1 .2  K b  - u s e r  c e n t e r s  36,000 

. . . . . . . .  . . . . . . . . . .  . . . . . .  T o t a l  DAF charges .  ; ; 1$49 ,100**  

11. D i a l - i n  connect  c h a r g e s  

A. Weekday (Time i n  E a s t e r n  S t a n d a r d )  

13:OO-15:OO 1 1 0 0  u s e r s  ~ 5 0 %  = 100 user-hours  
15:OO-21:OO / 30 u s e r s  x 5 0 %  = 90 user-hours  
10:OO-13:OO / 40 u s e r s  x 5 0 %  = 120 user-hours  - 

User-hours p e r  day,  prime t ime  = 310 user-hours  

................ 1. User-hours p e r  month 7,130 
Connect charge  @ $ 3 . 9 0 .  . . . . . . . . . . . . . . . .  $ 27,807* 

B . Weeknights (Loca l )  

( E a s t )  18:OO-7:00/20 u s e r s  = 260 user-hours  
(West) 7:OO-10:OO 1 1 0  u s e r s  = 30 user-hours  

Off-peak usage  each  "night"  = 290 user-hours  

O f  f-peak usage on weeknights  
p e r  month user-hours  ............ 6,670 

C. Weekends 

Assume 25% of a f u l l  weekday 
(310 + 290) = 150 

Weekend usage  p e r  month ........ 2,580 

.......... T o t a l  off -peak usage user-hours  9 ,250 

Off-peak connect  - and t r a f f i c  c o s t  
@ $0.75 $6,938 

Minimum charge  f o r  off -peak usage , , 

111. T r a f f i c  ch'arges 

Assume 2 ( k i l o p a c k e t s / h r )  @ $0.50 e a c h  
User h o u r s  i n  prime t ime p e r  month 
DAF u s e r s  4,130 
D i a l - i n  u s e r s  7,130 

........ T o t a l  user-hours  p e r  month 14,260 

T r a f f l c  charge  p e r  monrh . . . . . . . . . . . . . . . . . . . .  . $  14,260* 



TABLE I1 

Summary of Costs 

A. Half-discountable items (**) $49,100 

1. Discountable portion 

2. Fully discountable items (*) 

Total Discountable Costs 

B. 1. Discounted costs (monthly) 

2. Costs not discountable (monthly) 

3. Off -peak usage (minimum) 

Total Monthly Communication Cost 

Annual Cost of Communications 




