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Dear C o l l e a g u e s ,

~ Thank you f o r coming to F e r u g i a to a s s i s t in t h e development of
t h e d e t a i l e d p l a n f o r t h e i m p l e m e n t a t i o n o f t h e m i g r a t i o n o f EARN
t o t h e u s e o f ISO/OSI p r o t o c o l s . T h i s i s a v e r y i m p o r t a n t m e e t i n g
f o r EARN, and y o u r i n p u t w i l l b e most v a l u a b l e .

B e f o r e y o u b e g i n y o u r m e e t i n g , i t may b e a p p r o p r i a t e t o r e m i n d
y o u t h a t 1987 has been a v e r y i m p o r t a n t y e a r f o r EARN:- Two

_ ma jo r d e c i s i o n s have been mad= b y t h e B o a r d w h i c h w i l l de te rm ine
t h e development of EARN in 1988 and beyond. The fi r s t 1987
m i l e s t o n e d e c i s i o n was t h e agreement o n t h e f u n d i n g o f t h e EARN

_ network f o r 1988. The second m i l e s t o n e was t h e d e c i s i o n i n
p r i n c i p l e t o m i g r a t e EARN t o t h e u s e o f ISO/OSI p r o t o c o i s and t h e
acceptance of t h e o u t l i n e s t r a t e g y f o r t h i s m i g r a t i o n . The
m i g r a t i o n s t r a t e g y w i l l b e f o r m a l l y adop ted b y t h e EARN B o a r d a t

~ t h e nex t B o a r d m e e t i n g , and t h i s w i l l s e t t h e d i r e c t i o n f o r t h e
n e t w o r k f o r t h e coming y e a r s .

“x The s t r a t e g y document h a s been a m a j o r achievement in i t s e l f ‑
t h a n k s l a r g e l y t o t h e d e d i c a t i o n o f t h e EARN Te c h n i c a l Groups and
t h e i n s p i r a t i o n and l e a d e r s h i p p r o v i d e d b y D r P a u l B r y a n t a s t h e
EARN Te c h n i c a l D i r e c t o r . The c h a l l e n g e now i s t o t u r n = t h e
s t r a t e g y i n t o a f u l l y fl e d g e d p l a n f o r t h e i m p l e m e n t a t i o n o f t h e
EARN m i g r a t i o n t o O S I . T h i s i s t h e t a s k o f t h i s P e r u g i a m e e t i n g .

~ Deve lop ing t h i s d e t a i l e d p l a n i s a c o m p l i c a t e d t a s k . The p l a n
must b e c o n s i s t e n t w i t h t h e adopted s t r a t e g u ; i t must p r o v i d e f o r
a t r u l y open a r c h i t e c t u r e wh ich w i l l a l l o w t h e c o n n e c t i o n and

‐ i n t e r o p e r a t i o n o f a l l ISO/OSI systems; i t must fl e s h o u t t h e
d e t a i l s o f t h e l o w e r l e v e l X . 2 5 i n f r a s t r u c t u r e , and a t t h e same
t i m e p r o v i d e f o r p r o g r e s s t o w a r d s t h e a d o p t i o n o f t h e OSI
A p p l i c a t i o n s , e s p e c i a l l y X.400; and i t must p r o v i d e s u f fi c i e n t
d e t a i l s o t h a t b o t h t h e n a t i o n a l backbone nodes and a l l EARN
nodes (VAX/YMS | IBM VM/CMS and IBM MVS/TSO systems in
p a r t i c u l a r ) , r u n n i n g t h e c u r r e n t v a r i e t y o f h a r d w a r e and s o f t w a r e

_ systems c a n fi n d a c o s t - e f f e c t i v e p a t h t o w a r d s t h e a d o p t i o n o f
t h e EARN m i g r a t i o n p l a n and s t a n d a r d s . L a s t l y , t h e p l a n must
p r o v i d e f o r t h e management and o p e r a t i o n o f t h e i n t e r n a t i o n a l
X . 2 9 i n f r a s t r u c t u r e .

_ European A CADEMIC &Researcy Network



T h i s i s a c h a l l e n g i n g - n o t t o say a daunt ing - t a s k , b u t o n e
t h a t I a m c o n fi d e n t c a n b e t a c k l e d and b rough t towards c o m p l e t i o n
a t t h i s P e r u g i a m e e t i n g . I t i s m y hope t h a t t h e a c t u a l
implemenat ion of t h e EARN ISO/OSI m i g r a t i o n p l a n c a n b e g i n in
e a r l y 1988, and i t i s c l e a r to me t h a t t h i s Perug ia meet ing c a n
p r o v i d e t h e k e y .

May I t a k e t h i s o p p o r t u n i t y t o t h a n k y o u r h o s t s i n P e r u g i a - t h e
Cent ro S t u d i La Co lombe l la and t h e EARN members in I t a l y - and to
thank you a l l f o r t h e gene rous c o n t r i b u t i o n o f y o u r t i m e t o t h i s
ex t remely impor tan t wo rk . May I e s p e c i a l l y thank o u r guests f r o m
RARE a t t h i s m e e t i n g who have come t o a s s i s t EARN i n t h i s t a s k .

O n b e h a l f o f t h e many tens o f thousands o f European r e s e a r c h e r s
who r e l y o n EARN f o r t h e day t o day s u p p o r t o f t h e i r r e s e a r c h
a c t i v i t i e s , may I w i s h you w e l l i n y o u r d e l i b e r a t i o n s .

I T l o o k f o r w a r d t o y o u r r e p o r t .
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A t t h e B e r l i n EARN B o a r d o f D i r e c t o r s m a e t i n g i n November 1984 a
s t u d y was commissioned to dete rmine how EARN s h o u l d m i g r a t e to
u s e ISO p r o t o c o l s . A s t r a t e g y document was p r o d u c e d ( p a p e r 2 ) a s
a r e s u l t o f t h e EARN t e c h n i c a l mee t ing i n C r e t e o n March 26/27,
1987. T h i s document was p r e s e n t e d a t t h e RARE Va l e n c i a workshop
o n May 4 / 5 / 6 , 1987 and t o t h e EARN Board o f D i r e c t o r s i n N i c e o n
May 21 /22 .

The Board of D i r e c t o r s commiss ioned a d e t a i l e d p l a n based on t h e
s t r a t e g y. The EARN E x e c u t i v e a t t h e i r m e e t i n g i n Ganeva o n 1 4 / 1 5
J u l y 1987 c o n s i d e r e d a n e a r l y d r a f t o f t h e p l a n and d e c i d e d t o
d e d i c a t e t h e Septamber 1 4 / 1 5 , 1987 EARN t e c h n i c a l m e a t i n g in
Pe rug ia t o a workshop o n t r a n s i t i o n a t w h i c h t h e p l a n wou ld b e
r e fi n e d .

The t r a n s i t i o n p l a n ( p a p e r 3 ) f a l l s i n t o a number o f s e c t i o n s .
Some s e c t i o n s a r e v e r y d e t a i l e d and c o n c e r n t h e e a r l y s t a g e s o f
t r a n s i t i o n . Some l a t e r s e c t i o n s , f o r example t o d o w i t h JTF and
V IF, c o n t a i n L i t t l e more t h a n statements of i n t e n t .

A c o n s i d e r a b l e number o f statements a r e made w h i c h a r e open t o
q u e s t i o n , such a s t h e use o f X.121 DTE a d d r e s s i n g . However,
t h e r e a r e many o t h e r areas where d e c i s i o n s a r e needed, f o r
example w i t h X.400 OR names. In some of t h e s e c a s e s t h e
d e c i s i o n s b e i n g made by t h e CEN/CENELEC f u n c t i o n a l s t a n d a r d s
a c t i v i t y o r t h e RARE w o r k i n g p a r t i e s w i l l change o r e x t e n d t h e
p l a n s .

The workshop w i l l s t a r t w i t h a p r e s e n t a t i o n o f t h e o u t l i n e
s t r a t e g u . I t i s t h e n proposed t o s p l i t i n t o a number o f w o r k i n g
p a r t i e s t o c o n s i d e r i n d e t a i l v a r i o u s aspects o f i t .

The o b j e c t o f t h e workshop i s t o p roduce a b e t t e r t r a n s i t i o n p l a n
f o r EARN.

I l o o k f o r w a r d t o a n e x c i t i n g and f r u i t f u l m e e t i n g a s EARN s t a r t s
t o p r o g r e s s towards i t s t r a n s i t i o n .

F a u l  B r y a n t



ISO TRANSITION WORKING PARTY 14 /15 SEPTEMBER 1987

AGENDA

Monday 14 September

09.00 P r e s e n t a t i o n o f t h e o v e r a l l s t r a t e g y (paper 2 )

09 .30 B r i e fi n g o n o b j e c t i v e s f o r mee t ing

10.00 S e t u p i n i t i a l w o r k i n g g roups

10 .30 Work ing groups ( i n c l u d i n g c o f f e e )

1 X.25 i n f r a s t r u c t u r e t o i n c l u d e :
t o p o l o g y and l o c a t i o n o f sw i t ches ;
s e l e c t i o n of s w i t c h manufac turer ;
DTE address scheme;
management.

2 . NJE o v e r X.25 t o i n c l u d e :
t h e hardware and s o f t w a r e requ i r emen ts ;
m i g r a t i o n prob lems;
management.

3 . Use o f X.400 m a i l t o i n c l u d e :
OR names;
u s e of 1984 or 1988 recommendations;
p o s s i b l e p r o d u c t s ;
t i m e  s c a l e s .

13 .00 Lunch

1 4 . 0 0 Work i ng groups c o n t i n u e

16 .00 R e p o r t s f r o m w o r k i n g groups

17.00 C l o s e



Tuesday 15 September

09.00 Summary o f p rog ress so f a r

0 9 . 3 0 S e t u p p y a o k k m o g i g r o u p s . Thbeggroupstbobbacsbtumayveell
depend o n t h e p r e v i o u s d a y ’ s p r o g r e s s .
S u g g e s t e d t o p i c s i n c l u d e :

4 Use o f o t h e r h i g h l e v e l p r o t o c o l s t o i n c l u d e :
u s e of DECNET;
u s e o f c o l o u r e d books;
o t h e r p r o t o c o l s ;
a d v i s a b i l i t y o f a l l o w i n g t h e s e
p r o t o c o l s ;
gateways r e q u i r e d .

5 H i g h l e v e l ISO p r o t o c o l s FTAM, V IF and JTP
gateways r e q u i r e d ;
p o s s i b l e  p r o d u c t s ;
t i m e  s c a l e s .

6 M a i l gateways between X .400 and RFC822 to
i n c l u d e :

~ t h e p o s s i b l e i n t r o d u c t i o n o f domain
addresses i n t o EARN;
t h e  p o s s i b l e  p r o d u c t s .

7 E x t e n s i o n o f EARN t o i n c l u d e :
c o n n e c t i o n s t o e x i s t i n g networks ;
NSAP addresses;
e x t e n s i o n o f t h e EARN x . 2 5
infrastructures
management c o n s i d e r a t i o n s .

Some g r o u p s may c o n t i n u e f r o m t h e p r e v i o u s d a y .

- 1 2 . 0 0 P r o g r e s s r e p o r t s

13.00 Lunch

14.00 F i n a l s e s s i o n
fi n a l r e p o r t s ;
p r o d u c t i o n o f m e e t i n g r e p o r t :

_ f u t u r e a c t i v i t i e s ;
t i m e s c a l e s f o r i m p l e m e n t a t i o n .

1 6 . 0 0 C l o s e
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The EARN t r a n s i t i o n t o ISO p r o t o c o l s .

D r a f t f o r comment

S e c t i o n 1 - I n t r o d u c t i o n and summary

1 Summary

The EARN (European Academic Research Network) E x e c u t i v e , i n p u r s u a n c e o f
t he r e q u i r e m e n t f o r EARN t o move t o use t h e ISO ( I n t e r n a t i o n a l Standards
Organ isa t ion) p r o t o c o l s , i n i t i a t e d a s t u d y to recommend a t r a n s i t i o n
s t r a t e g y .

A g r o u p , s e t u p t o s t u d y t r a n s i t i o n s t r a t e g i e s , recommends t h a t :

- A network a l i g n i n g w i t h t h e CCITT Recommendation X.25 (1984) shou ld be
p r o v i d e d . T h i s shou ld i n i t i a l l y i n c l u d e t h e i n t e r n a t i o n a l EARN nodes.
(See s e c t i o n 2 ) .

- F o r a n i n t e r i m p e r i o d , t h e IBM NJE p r o t o c o l should o p e r a t e o v e r t h e
X.25 network . (See s e c t i o n 3 ) .

- F o r an i n t e r i m p e r i o d , DECNET, Coloured Book, and p o s s i b l e o t h e r non
ISO p r o t o c o l s should b e p e r m i t t e d t o use t h e X.25 i n f r a s t r u c t u r e . (See
sec t i on  4 ) .

- ISO p r o t o c o l s s h o u l d o p e r a t e o v e r t h e X.25 network a s soon a s s u i t a b l e
i m p l e m e n t a t i o n s become a v a i l a b l e . (See s e c t i o n 5 ) .

- The t r a n s i t i o n o f n a t i o n a l components o f EARN shou ld b e encouraged and
t h i s shou ld t a k e p l a c e unde r n a t i o n a l d i r e c t i o n and i n c o n j u n c t i o n w i t h
any n a t i o n a l academic network a c t i v i t i e s . (See s e c t i o n 6 ) .

- Non ISO p r o t o c o l s should b e phased o u t a s and when s u i t a b l e ISO
p r o d u c t s a r e a v a i l a b l e and p r o v i d i n g a s u i t a b l e s e r v i c e . (See s e c t i o n
7 ) .

Ta c t i c a l d e t a i l s of t h e m i g r a t i o n a r e o u t l i n e d in subsequent s e c t i o n s
t o g e t h e r w i t h a reas r e q u i r i n g f u r t h e r s t u d y.

2 The t r a n s i t i o n t o u s e ISO p r o t o c o l s

EARN has agreed t o m i g r a t e i t s n e t w o r k t o use ISO p r o t o c o l s a s a r e s u l t
o f a r e q u e s t fo rm CEPT ( t h e a d v i s o r y commit tee f o r t h e E u r o p e a n P T Ts ) .

I t had been hoped t o conc lude t h i s t r a n s i t i o n b y t h e end o f 1987 t o m e e t
t h e r e q u e s t f rom CEPT. As a r e s u l t o f t h e slow deve lopment o f some of
t h e e s s e n t i a l s t a n d a r d s and s u b s e q u e n t p r o d u c t s t h i s d a t e c a n n o t b e



m e t . There i s now s u f fi c i e n t i n f o r m a t i o n t o produce a fi r m p r o p o s a l f o r
t h e i n i t i a l s t a g e s o f t r a n s i t i o n i n c l u d i n g t h e c o s t s and t i m e s c a l e s .

A w o r k i n g g r o u p s e t u p b y t h e EARN Execut ive t o s t u d y t h e t r a n s i t i o n o f
EARN. Var ious s t r a t e g i e s were deve loped and a fi n a l one was determined
and agreed at EARNTECH FIVE h e l d in C r e t e , 25/26 March. Subsequent
refinement has t a k e n p l a c e as a r e s u l t o f f u r t h e r d i scuss ions and
i n v e s t i g a t i o n s . The EARN Board o f D i r e c t o r s has endorsed t h i s s t r a t e g y .

The EARN Execu t i ve reques ted a f u r t h e r r e p o r t t o f u r t h e r d e fi n e t h e
s t r a t e g y and t a c t i c s i n f u l l d e t a i l . T h i s document i s a r e s u l t a n t
r e p o r t . T h i s document was cons idered at a j o i n t m e e t i n g between EARN and
RARE e x p e r t s h e l d in P e r u g i a 14/15 September 1987 a f t e r which t h i s fi n a l
document was produced .

The s t r a t e g y recommends t h e s e t t i n g up a p r i v a t e leased l i n e X.25
network. A l t h o u g h t h i s is c o n t r a r y to the CEPT r e q u e s t t h e g r o u p
concluded t h a t t h e p u b l i c networks cou ld n o t be used as t h e y do n o t
c u r r e n t l y p r o v i d e X.25 (1984), which i s r e q u i r e d t o s u p p o r t t h e ISO
network s e r v i c e . I n a d d i t i o n , t h e e a r l y s e r v i c e s r e q u i r e t h e u s e o f X.25
p e r m a n e n t v i r t u a l c i r c u i t s (PVCs) and these a r e n o t a v a i l a b l e o n
i n t e r n a t i o n a l c o n n e c t i o n s . The use o f a p r i v a t e l e a s e d l i n e s ne twork
does n o t e x c l u d e t h e p o s s i b i l i t y o f m i g r a t i n g p a r t o r a l l o f t h e s e r v i c e
t o t h e p u b l i c X.25 s e r v i c e s a t a l a t e r d a t e .

A l though o t h e r b o d i e s a r e invo l ved w i t h t h e e l a b o r a t i o n o f f u n c t i o n a l
s t a n d a r d s , a l l r e f e r e n c e s in t h i s document r e f e r to those of CEN/CENELEC
and CEPT.

3 P u b l i c versus p r i v a t e networks

Leav ing a s i d e p o l i t i c a l cons ide ra t i ons the main concerns a re t a r i f f s and
p e r f o r m a n c e .

3.1 Ta r i f f s

C u r r e n t c a l c u l a t i o n show t h a t t h e c u r r e n t EARN t r a f fi c would b e between
5 and 1 0 t i m e s a s e x p e n s i v e i f c a r r i e d o n t h e p u b l i c X.25 networks . The
e x a c t va lue has n o t been c a l c u l a t e d b u t t h e c o s t w i l l c e r t a i n l y
e f f e c t i v e l y p r e v e n t much o f t h e EARN t r a f fi c ever b e i n g gene ra ted and s o
d i s a d v a n t a g i n g t h e c o m m u n i t y.

The p u b l i c X.25 ne tworks w i l l con t i nue to a t t r a c t a volume t a r i f f i n t h e
foreseeable f u t u r e . The t a r i f f s a r e l i k e l y to remain r e l a t i v e l y h i g h
S i n c e X.25 ne tworks a r e n o t v e r y p r o fi t a b l e . A p r i v a t e X.25 network i s
c h e a p e r s i n c e i t does n o t have t h e same l e v e l o f a v a i l a b i l i t y (24 h o u r
s t a f fi n g ) . I n a p r i v a t e ne two rk many o f t h e c o s t s a r e h idden s i n c e t h e
o p e r a t i o n , m a i n t e n a n c e , and management o f t h e n e t w o r k can b e undertaken
b y c o m p u t i n g c e n t r e s a t m a r g i n a l c o s t . The b e n e fi t o f a l e a s e d l i n e
ne twork is t h a t i t s c o s t i s known and fi x e d . Thus t h e e x a c t amount o f
money needed can b e r e q u e s t e d f rom t h e f u n d i n g b o d i e s o r t h e u s e r s .

The p r i n c i p l e draw back o f a volume t a r i f f i s t h e i n e s c a p a b l e c o n c l u s i o n
t h a t t h e c o s t s have t o b e r e t u r n e d t o t h e end u s e r t o a v o i d a g i v e n u s e r
b a n k r u p t i n g t h e o r g a n i s a t i o n . The management o f such a c c o u n t i n g and



c o n t r o l mechanisms is d i f fi c u l t and e x p e n s i v e .

3.2 Performance

The p u b l i c packe t switched da ta networks h a v e , f o r t h e most p a r t , been
used f o r i n t e r a c t i v e o r transact ion purposes when connect ion t imes are
h i g h and d a t a volumes l o w. These c a l l s a r e cheap and do n o t demand h i g h
d a t a r a t e s . I n f a c t t h e u s e r should n o t e x p e c t more than 2000 b i t s p e r
second on an internat ional l i n k . T h i s is compensated by t h e a b i l i t y to
s u s t a i n a number of connections b u t t h i s is of l e s s va lue f o r a network
p a s s i n g b u l k t r a f fi c .

EARN is charac te r i sed by b u l k t r a f fi c which is there fo re e x p e n s i v e on a
p u b l i c X.25 network.

Mos t o f the in te rna t iona l l i n e s in t h e P u b l i c X.25 networks a r e 9.6 K
b i t s p e r second. It is understood t h a t t h e s e l i n k s w i l l be upgraded to
64K d i g i t a l ones a s these become a v a i l a b l e . The e f f e c t o f t h i s i s
d i f fi c u l t t o e s t i m a t e . The e x p e c t a t i o n i s t h a t p u b l i c networks shou ld b e
a b l e t o p r o v i d e t h e p e r f o r m a n c e r e q u i r e d a t some f u t u r e d a t e . A p r i v a t e
n e t w o r k w i t h about t h e same number o f i n t e r n a t i o n a l leased l i n e s a s EARN
s h o u l d be a b l e to p r o v i d e a performance s i m i l a r to the c u r r e n t EARN
n e t w o r k . T h i s i s s u p p o r t e d b y o b s e r v a t i o n o f some e x i s t i n g p r i v a t e
ne tworks .

There a r e some i n d i c a t i o n s t h a t p r i v a t e n e t w o r k s , such a s EARN, may have
more freedom t o e x i s t i n t h e f u t u r e w i t h t h e f u r t h e r l i b e r a l i s a t i o n o f
t h e European PTTs.

3 The b e n e fi t s o f t h e use o f ISO p r o t o c o l s

I d e a l l y t h e w o r l d should be served by a s i n g l e s e t of communicat ion
p r o t o c o l s . I n t h i s way s e r v i c e s cou ld b e p r o v i d e d t o a l l r e g a r d l e s s o f
t h e v a r i o u s sys tems used and cons t ra ined o n l y by management and n o t
t e c h n i c a l c o n s i d e r a t i o n s . T h i s i s p a r t i c u l a r l y i m p o r t a n t i n t h e academic
communi ty w i t h t h e wide v a r i e t y o f e q u i p m e n t and wide r a n g e of s e r v i c e d
r e q u i r e d .

C u r r e n t l y t h e academic communi ty use a wide v a r i e t y of communications
p r o t o c o l s and t h i s is p r o v i n g an impediment to t h e i n c r e a s i n g demand f o r
academic c o l l a b o r a t i o n s .

The communi ty is now faced w i t h many g a t e w a y s between t h e v a r i o u s sub
ne tworks wh ich cause l o s s o f q u a l i t y o f s e r v i c e , such as l o s s o f some
s e r v i c e o r l o s s o f some a s p e c t s o f a s e r v i c e . The many g a t e w a y s y s t e m s
r e q u i r e c o n s i d e r a b l e resou rces t o d e v e l o p them and m a i n t a i n t h e n .

W i t h i n Europe t h e r e i s now widesp read a c c e p t a n c e o f t h e ISO p r o t o c o l
s tandards and confidence t h a t manufacturers w i l l p r o v i d e these as f u l l y
s u p p o r t e d p r o d u c t s b o t h o n e x i s t i n g a n d f u t u r e s y s t e m s .

When EARN was s e t u p t h e ISO p r o t o c o l s were n o t w e l l d e fi n e d and
fu r t he rmore imp lemen ta t i ons were n o t expec ted f o r some y e a r s . Mo reove r,
a l a r g e v a r i e t y o f p r o t o c o l s were i n u s e w i t h i n Europe which gave n o
i n d i c a t i o n o f t h e p o s s i b l e d i r e c t i o n s o f d e v e l o p m e n t .



The r e c e n t l y s e t u p RARE o r g a n i s a t i o n has b r o u g h t t o g e t h e r t h e m a j o r
academic n e t w o r k i n g i n t e r e s t s in Europe and from t h e d iscuss ions and
s ta tements made i t i s c l e a r t h a t t h e r e is confidence t h a t s e r v i c e s in
t h e nea r f u t u r e can and w i l l use ISO p r o t o c o l s and such s e r v i c e s w i l l
continue f o r many y e a r s .

4 Constraints

The w o r k i n g group was constrained by t h e terms of re ference determined
by t h e EARN Execu t i ve . These are :

- The even tua l t r a n s i t i o n mus t b e t o p r o t o c o l s harmonised w i t h t h e
e m e r g i n g recommendations of RARE ( t h e European academic and research
n e t w o r k i n g organisat ion) .

- The EARN u s e r base must see n o l o s s o f q u a l i t y o f s e r v i c e . I n
p a r t i c u l a r communications w i t h o t h e r networks such as BITNET, DFN, and
JANET must be preserved.

- D u r i n g t h e t r a n s i t i o n the user base must n o t b e d i s r u p t e d .

- The t r a n s i t i o n must b e p r i n c i p a l l y concerned w i t h t h e i n t e r n a t i o n a l
c o n n e c t i o n s . A secondary concern i s t h e e f f e c t w i t h i n c o u n t r i e s . T h i s i s
p a r t i c u l a r l y i m p o r t a n t w i t h EARN nodes which a r e n o t a b l e t o m i g r a t e due
to t e c h n i c a l or fi n a n c i a l reasons. Connec t ions to sub-networks w i t h i n an
o r g a n i s a t i o n mus t b e considered.

- The m i g r a t i o n of a l l the m a j o r machine t y p e s must be considered even
though some t y p e s may n o t have d i r e c t i n t e r n a t i o n a l connec t i ons .

- The e x p l o i t a t i o n o f new s e r v i c e s , such a s ISDN, i s n o t cons idered.
These s e r v i c e s n o t y e t s u f fi c i e n t l y a v a i l a b l e to a l l o w consideration of
t h e i r e x p l o i t a t i o n b y EARN i n t h e n e a r f u t u r e .

4 .1 Harmonisat ion w i t h RARE recommendations.

The academic w ide a rea n e t w o r k i n g i n E u r o p e i s e x p e c t e d t o b e based a t
t h e l o w e r l e v e l s o n ISO t r a n s p o r t s e r v i c e o v e r a n X.25 p a c k e t s e r v i c e .

The u p p e r l e v e l s a r e l i k e l y t o b e MOTIS ( o r i t s CCITT e q u i v a l e n t x.400
s e r i e s Recommendations) f o r m a i l and FTAM ( fi l e t r a n s f e r and management)
f o r fi l e t r a n s f e r b o t h u s i n g t h e a p p r o p r i a t e ISO s e s s i o n and
p r e s e n t a t i o n l a y e r s . JTP ( j o b t r a n s f e r p r o t o c o l ) and VIP ( v i r t u a l
t e r m i n a l p r o t o c o l ) a r e n o t y e t s t a b l e enough to be considered.

I n t e r a c t i v e s e r v i c e s w i l l b e p r o v i d e d b y t h e CCITT X . 3 , X.28, and X.29
o v e r X.25 Recommendations a l t h o u g h t h e s e p r o t o c o l s a r e n o t , and a r e
u n l i k e l y to become, ISO standards. None t h e l e s s , these p r o t o c o l s a r e in
w i d e s p r e a d u s e and t h i s i s l i k e l y t o c o n t i n u e f o r some y e a r s .

RARE i s e x p e c t i n g t o f o l l o w t h e f u n c t i o n a l standards b e i n g e l a b o r a t e d b y
t h e CEN/CENELEC CEPT p r o j e c t . Func t i ona l s tandards d e fi n e t h e e x a c t
s t a c k s o f p r o t o c o l s t o b e used t o p r o v i d e g i v e n s e r v i c e s . They d e fi n e
t h e o p t i o n s t o b e p r o v i d e d and any p a r a m e t e r va lues r e q u i r e d . The use o f



f u n c t i o n a l s tandards ensures t h a t imp lementa t ions w i l l i n t e r w o r k .

I t is n o t t h e task of EARN, and i t is beyond t h e resources of EARN, to
develco t h e p r o d u c t s r e q u i r e d f o r a t r a n s i t i o n . Thus, t h e task o f EARN
i s t o s e l e c t p r o d u c t s a l r e a d y a v a i l a b l e which conform t o t h e r e l e v a n t
standards and f u n c t i o n a l standards. The speed o f t h e m i g r a t i o n o f EARN
i s , to a l a r g e e x t e n t , dependent on t h e emergence of such p r o d u c t s .

The c o n n e c t i o n mode p r o t o c o l s RARE i s a d v o c a t i n g a r e w e l l s u i t e d t o t h e
r e l a t i v e l y s low and e r r o r p rone l i n e s c u r r e n t l y i n use . There a r e
a t t r a c t i o n s i n f o l l o w i n g the ARPA TCP/IP p r o t o c o l s i n t h a t BITNET,
I s r a e l (and p o s s i b l e o the r c o u n t r i e s ) , and many l o c a l area networks a r e
f o l l o w i n g them. EARN would have d i f fi c u l t y f o l l o w i n g TCP/IP a s p a r t o f
i t s t r a n s i t i o n s t r a t e g y s i n c e t h e y a r e n o t p a r t o f t h e ISO s e t o f
p r o t o c o l s and one would b e faced w i t h a f u r t h e r m i g r a t i o n t o ISO
t r a n s p o r t p r o t o c o l c l a s s 4 (TP4) ove r a p p r o p r i a t e l owe r l a y e r s a t a
f u t u r e d a t e . C o n s i d e r a t i o n o f t h e use o f TP4 based s e r v i c e s should b e
cons ide red when h i g h e r speed l i n e s w i t h l o w e r r o r r a t e s a r e a v a i l a b l e as
w e l l a s s t a b l e ISO p r o t o c o l s and p r o d u c t s i n t h i s a r e a .

T h i s document does n o t c o n s i d e r the RARE and CEN/CENELEC work in d e t a i l
b u t f u r t h e r s t u d y w i l l b e r e q u i r e d i n t h e f u t u r e p a r t i c u l a r l y w i t h the
a d o p t i o n o f h i g h e r l e v e l ISO p r o t o c o l s .

4.2 ISO p r o d u c t s

A t t h e l o w e r l a y e r X.25 (1980) i s a v a i l a b l e f o r a l l m a j o r sys tems a s
f u l l y s u p p o r t e d p r o d u c t s from the manufacturers. In many cases the re a r e
a l t e r n a t i v e p r o d u c t s f o r machines from t h i r d p a r t i e s . Products
con fo rm ing to X.25 (1984) a r e a v a i l a b l e f o r a s m a l l b u t g r o w i n g number
o f s y s t e m s . The a v a i l a b i l i t y o f X.25 (1984) i s expected t o i m p r o v e a s
the PTITs s t a r t to o f f e r se rv i ces based on i t . I n many cases no fi r m
da tes have been announced. In p r i n c i p l e it is n o t p o s s i b l e to o p e r a t e
ISO n e t w o r k s e r v i c e w i t h o u t X.25 (1984) s i n c e t h i s Recommendation
c o n t a i n s e s s e n t i a l f a c i l i t i e s f o r t h e s u p p o r t o f t h e ISO ne twork
s e r v i c e . These f a c i l i t i e s a l l o w network l e v e l g a t e w a y s . The l a c k o f
these f a c i l i t i e s may be overcome in a s i n g l e network b u t in concatenated
ne tworks h i g h e r ( t h a n network l a y e r ) g a t e w a y s or r e l a y s wou ld be needed
a t some i n c o n v e n i e n c e . The r e l e v a n t f u n c t i o n a l s t a n d a r d i s T/31 which i s
now a v a i l a b l e . The conformance of p r o d u c t s w i t h T/31 has y e t to be
determined.

Products to s u p p o r t CCITT Recommendations of t h e X.400 s e r i e s a r e
becoming a v a i l a b l e f r om s e v e r a l m a j o r s y s t e m s . I n t h e case o f IBM t h e r e
i s c u r r e n t l y a n e x p e r i m e n t a l v e r s i o n f o r u s e u n d e r VM. A s u p p o r t e d IBM
p r o d u c t unde r MVS has been announced. DEC now o f f e r a f u l l y s u p p o r t e d
p r o d u c t . There a r e a number o f t h i r d p a r t y p r o d u c t s a v a i l a b l e o r under
development . A m a j o r i n c e n t i v e to p r o v i d e these p r o d u c t s is t h e e x p e c t e d
i n t r o d u c t i o n o f s e r v i c e s b y t h e PTTs and v a l u e added s u p p l i e r s . The
p e r f o r m a n c e o f X.400 p r o d u c t s i s n o t y e t w e l l known and w i l l depend n o t
o n l y on t h e p r o t o c o l s themselves b u t on t h e q u a l i t y of t h e i r
i m p l e m e n t a t i o n s . The r e l e v a n t f u n c t i o n a l s tandards a r e A/3211 and A/323
which a r e a v a i l a b l e . The conformance of p r o d u c t s w i t h t h e f u n c t i o n a l
s tanda rds i s n o t known. X.400 i s c u r r e n t l y u n d e r g o i n g r e v i s i o n f o r t h e
CCITT 1988 Recommendations. O p i n i o n s u g g e s t s t h a t s e r v i c e s s h o u l d be
t a r g e t e d o n t h i s v e r s i o n and i n t h e mean t i m e o n l y e x p e r i m e n t a l o r p i l o t



serv ices should be o f f e r e d .

A sma l l number o f FTAM p r o d u c t s e x i s t m a i n l y as expe r imen ta l
i m p l e m e n t a t i o n s o r f o l l o w i n g t h e MAP ( M a n u f a c t u r i n g A p p l i c a t i o n s
P r o t o c o l ) recommendations. The performance of FTAM has y e t to be
es tab l i shed . FTAM is n o t expec ted to be w ide ly ava i l ab le f o r some t i m e .
The r e l e v a n t f u n c t i o n a l standards are b e i n g elaborated.

A t a f u t u r e da te JTP ( j o b t r a n s f e r p ro toco l ) and VIP ( v i r t u a l t e rm ina l
p r o t o c o l ) w i l l b e ava i l ab l e b u t the standards f o r these a r e c u r r e n t l y
u n s t a b l e . The r e l e v a n t f u n c t i o n a l standards a r e n o t y e t b e i n g
e labora ted.

The CCITT Recommendations X . 3 , X.28, and X.29 a r e n o t ISO p r o t o c o l s b u t
t h e y a r e e x p e c t e d t o p r o v i d e a n i n t e r a c t i v e s e r v i c e f o r t he foreseeable
f u t u r e . Produc ts to s u p p o r t these Recommendations are a v a i l a b l e f o r a l l
m a j o r s y s t e m s . These m a i n l y p r o v i d e se rv i ces f o r l i n e mode te rm ina l s .
Some p r o d u c t s a r e a v a i l a b l e f o r p r o v i d i n g screen mode s e r v i c e s o v e r X.29
b u t c u r r e n t l y t h e r e a r e n o standards i n t h i s a rea . The r e l e v a n t
f u n c t i o n a l s t a n d a r d s a r e Y/11 and Y/12 which a r e a v a i l a b l e .

A s y e t , p r o d u c t s d o n o t n e c e s s a r i l y conform t o t h e CEN/CENELEC CEPT
f u n c t i o n a l s tandards a s t h e s e have o n l y been i n p l a c e f o r a s h o r t t i m e
o r a r e s t i l l t o b e fi n a l i s e d . However the re i s e x p e c t a t i o n t h a t p r o d u c t s
w i l l c o n f o r n .

Conformance t e s t c e n t r e s a r e to be s e t up which w i l l g u a r a n t e e t h a t
p roduc ts w i l l i n t e rwo rk . EARN should acqu i re c e r t i fi e d products where
p o s s i b l e .

4.3 Maintenance of q u a l i t y of se rv ice

EARN c u r r e n t l y p r o v i d e s fi l e t r a n s f e r , j o b t r a n s f e r , m a i l , and messaging
s e r v i c e s . Network management is p r o v i d e d on a p ragmat i c b a s i s in t h a t
t h e management t o o l s have been produced by EARN and BITNET themselves.

EARN p r o v i d e s added v a l u e s e r v i c e s which c u r r e n t l y i n c l u d e t h e NETSERV
i n f o r m a t i o n s e r v i c e s , d i r e c t o r y s e r v i c e s , the LISTSERV m a i l d i s t r i b u t i o n
s y s t e m , and RELAY t h e i n t e r a c t i v e r e a l t i m e c o n f e r e n c i n g s y s t e m .

The RARE recommended p r o t o c o l s w i l l p r o b a b l y p r o v i d e fi l e t r a n s f e r ,
m a i l , and i n t e r a c t i v e s e r v i c e s . Job t r a n s f e r and b e t t e r i n t e r a c t i v e
s e r v i c e w i l l b e p r o v i d e d a t a l a t e r da te . Note t h a t j o b t r a n s f e r
s e r v i c e s may b e p r o v i d e d u s i n g FTAM b u t w i t h l i m i t e d f u n c t i o n a l i t y .

Some s t u d y i s b e i n g unde r taken in RARE i n t o se rv i ces s i m i l a r t o NETSERV.

There i s , t h e r e f o r e , a mismatch between t h e s e r v i c e s p r o v i d e d i n t h e two
cases.

T h e NETSERV i n f o r m a t i o n s e r v i c e c o u l d b e p r o v i d e d e a s i l y . I t c o u l d b e
v i a ga teways or d i r e c t l y u s i n g X.400 or FIAM. There a re deve lopment
p r o j e c t s w i t h i n DFN t o p r o v i d e such f a c i l i t i e s . The c o n t e n t o f NETSERV
w i l l need some enhancement to r e fl e c t t h e new s t y l e s of n e t w o r k i n g in
EARN.



X.400 c u r r e n t l y has n o d i s t r i b u t i o n l i s t services b u t t he 1988 r e v i s i o n
w i l l . I t would n o t b e d i f fi c u l t t o mod i f y LISTSERV t o p r o v i d e these
serv ices to X.400 and RFC822 serv ices .

D i r e c t o r y se rv i ces a re n o t a l l t h a t successful a l t h o u g h t h e c u r r e n t
s e r v i c e cou ld b e used v i a X.400. CCITT i s d e fi n i n g d i r e c t o r y s e r v i c e s
b u t these are n o t l i k e l y to be ava i lab le f o r a some t i m e .

The EARN message serv ice w i l l be l o s t . T h i s se rv i ce is p o p u l a r and i t s
l o s s is s e r i o u s . To some e x t e n t i t s l o s s can be ameliorated by t h e use
o f i n t e r a c t i v e serv ices o r m a i l . I t would b e p o s s i b l e t o deve lop a
p r o t o c o l to c a r r y t h e EARN messaging s e r v i c e across X.25 b u t such a move
would r e q u i r e resources and b e counter t o t h e o b j e c t i v e s o f a
t r a n s i t i o n . F u r t h e r s t u d y i s r e q u i r e d t o assess t h e i m p a c t o f t h i s l o s s .
F u r t h e r s t u d y i s needed t o determine i f and how a n a l t e r n a t i v e s e r v i c e
cou ld b e p r o v i d e d . RELAY i s based o n t h i s s e r v i c e .

I t i s i n e v i t a b l e t h a t the u s e r in te r faces may b e d i f f e r e n t . T h i s i s n o t
s e r i o u s a s l o n g a s t h e s e r v i c e s a r e more o r l e s s a s easy t o u s e .

I d e a l l y t h e u s e r i n t e r f a c e s should n o t change o r shou ld o n l y b e extended
t o a v o i d c o n f u s i n g t h e u s e r s .

Tempora ry n o t e - I a mn o t s o s u r e . Some o f t h e u s e r i n t e r f a c e s a r e n o t
v e r y good and would b e n e fi t f rom a decen t b u r i a l . A l s o I would l i k e t o
see some conformance w i t h u s e r i n t e r f a c e s which do e x i s t e . g . X.28- b u t
I  am b iased.

User i n t e r f a c e s depend on t h e p a r t i c u l a r imp lemen ta t i ons . There i s no
i n t e n t i o n i n t h i s exe rc i se t o recommend any move t o common u s e r
i n t e r f a c e s . I f t h i s i s t o happen i t should b e a s a r e s u l t o f f u r t h e r
s tandard isat ion a c t i v i t i e s of standards bodies or at l e a s t of RARE. In
many cases ISO a p p l i c a t i o n s w i l l b e p r o v i d e d v i a e x i s t i n g u s e r
i n t e r f a c e s p o s s i b l y w i t h some extensions.

EARN may have to use sof tware and maybe hardware p r o v i d e d f rom a v a r i e t y
o f sources o n a p a r t i c u l a r machine. T h i s s t r a t e g y i s p r e f e r a b l e t o
w a i t i n g f o r sys tems f rom p a r t i c u l a r sources which c o u l d d e l a y a
t r a n s i t i o n .

I t is v i t a l t h a t at no t i m e should t h e network be d i v i d e d i n t o two or
more unconnected p a r t s e i t h e r l o g i c a l l y or p h y s i c a l l y . Thus gateways or
r e l a y s a r e needed between d i f f e r e n t network s y s t e m s t o p r e s e r v e
i n t e r w o r k i n g .

4.4 D i s r u p t i o n d u r i n g t r a n s i t i o n .

D u r i n g t r a n s i t i o n t h e r e w i l l i n e v i t a b l e b e a measure o f d i s r u p t i o n a s
network methods and u s e r i n t e r f a c e s change. T h i s must n o t a d v e r s e l y
e f f e c t t h e u s e r s even though t h e r e may be some inconven ience. C a r e f u l
t e s t i n g o f n e w e q u i p m e n t and s o f t w a r e i s e s s e n t i a l b e f o r e i t i s b r o u g h t
i n t o u s e .

4.5 The s y s t e m s t o m i g r a t e .



The i n i t i a l m i g r a t i o n w i l l concern t h e i n t e r n a t i o n a l nodes o r a subset
o f  them.

A l l the in ternat iona l nodes are machines o p e r a t i n g under the IBM VM/CMS
or MVS s y s t e m s . These use RSCS(revis ion 1 ) , RSCS(revis ion 2 ) , or JES2.
The s e r v i c e s NETSERV, RELAY and LISTSERV o p e r a t e under VM/CMS.

The i n i t i a l s t a g e s o f m i g r a t i o n w i l l t he re fo re o n l y concern IBM V M and
IBM MVS machines.

The m i g r a t i o n o f EARN w i t h i n a c o u n t r y i s expected t o b e the
r e s p o n s i b i l i t y o f t h e management i n t h a t c o u n t r y i n order t o take
account o f a n y n a t i o n a l p l a n s . In some cases count r ies w i l l e x p e c t to
r e c e i v e some ass is tance from EARN to a i d t h e i r m i g r a t i o n .

I t i s i m p o r t a n t t o cons ide r how s y s t e m s o t h e r than VM/CMS and MVS ones
can m i g r a t e e i t h e r i n s t e p w i t h t he in te rna t i ona l p a r t o f t he network o r
a t some o t h e r t i m e . The DEC VMS s y s t e m s a r e o f g r e a t e s t i n t e r e s t a s
these c o n s t i t u t e o v e r 40% o f the EARN nodes.

S e c t i o n 2 - X.25 i n f r a s t r u c t u r e

1 T r a n s i t i o n s t r a t e g y and t a c t i c s

A n e t w o r k a l i g n i n g w i t h t h e CCITT recommendations 1984 is r e q u i r e d as
o n l y t h i s t y p e o f network can s u p p o r t t h e ISO network s e r v i c e . Th is i s
because t h e network s e r v i c e access p o i n t (NSAP) address is c a r r i e d in
t h e 40 d i g i t extended address of t h e X.25 c a l l r e q u e s t p a c k e t . D u r i n g
t h e e a r l y s t a g e s o f t r a n s i t i o n the network s e r v i c e would n o t b e r e q u i r e d
b u t u s i n g a network based on the 1980 recommendations would then r e q u i r e
a f u r t h e r t r a n s i t i o n to the 1984 recommendations at some inconvenience.

1 . 1 CCITT X.25 (1984) Recommendation

A n X.25 i n f r a s t r u c t u r e w i l l b e d e v e l o p e d . I n i t i a l l y t h i s w i l l connec t a
few i n t e r n a t i o n a l nodes w i t h good network e x p e r i e n c e . The r e m a i n i n g
i n t e r n a t i o n a l nodes w i l l b e connected a t a l a t e r d a t e . Coun t r i es may
w i s h t o c o n n e c t t h e i r own X.25 network t o t h e EARN i n f r a s t r u c t u r e . These
c o n n e c t i o n s r e q u i r e f u r t h e r s t u d y o n a case b y case b a s i s a s r e q u e s t s
a r e  r e c e i v e d .

Systems connected t o t h e X.25 i n f r a s t r u c t u r e shou ld conform w i t h t h e
f u n c t i o n a l s t a n d a r d T/31 where ISO a p p l i c a t i o n s a r e s u p p o r t e d .

The l i n e s f o r the i n f r a s t r u c t u r e w i l l b e p r o v i d e d i n t h r e e ways :

- The p r o v i s i o n o f new l i n e s . T h i s w i l l b e used when new l i n e s a r e
i n s t a l l e d s p e c i fi c a l l y f o r t r a n s i t i o n o r when l i n e s a r e b e i n g r e - r o u t e d
f o r fi n a n c i a l reasons o r when l i n e s a r e b e i n g r e - r o u t e d f o r t r a f fi c
reasons.

- Convers ion of e x i s t i n g l i n e s . T h i s w i l l be t h e u s u a l t r a n s i t i o n r o u t e .

- S p l i t t h e bandwid th o f an e x i s t i n g l i n e and use one channe l to
p r e s e r v e t h e e x i s t i n g s e r v i c e and t h e o t h e r f o r a n X.25 s e r v i c e . Dual



channel modems w i l l be r e q u i r e d and t h e s p l i t of bandwidth between the
channe ls w i l l depend of t r a f fi c l e v e l s . T h i s scheme w i l l be u s e f u l where
the i n t e r n a t i o n a l node i s unable t o r u n the r e l e v a n t X.25 and NJE
p r o t o c o l s b u t r e q u i r e s X.25 s e r v i c e s t o o t h e r nodes o p e r a t i n g o t h e r
t y p e s o f s e r v i c e . T h i s would b e regarded a s a n i n t e r i m p r o v i s i o n .

1 . 2 L o c a t i o n o f sw i t ches

EARN w i l l r e q u i r e s a number of swi tches to p r o v i d e t h e X.25 backbone.

The f a c t o r s a f f e c t i n g the number and l o c a t i o n o f swi tches a r e :

- The number o f s w i t c h e s s h o u l d b e a minimum a s t h e y a r e e x p e n s i v e and
r e q u i r e maintenance and manning.

- Switches should be l o c a t e d so as to reduce l i n e c o s t s . L ines c r o s s i n g
s e v e r a l c o u n t r i e s a r e u s u a l l y more e x p e n s i v e .

- Swi tches should b e l o c a t e d s o a s t o maximise p e r f o r m a n c e .

- Swi tches shou ld b e l o c a t e d where t h e r e i s a l r e a d y good X.25 e x p e r t i s e .

An a n a l y s i s of t h e EARN t r a f fi c and l i n e t a r i f f s was undertaken by IBM
(annex 5 ) . As a r e s u l t o f t h i s s t u d y a min ima l l i n e c o s t topo logy was
deve loped and i s i n t h e ‘ F i n a n c i n g o f EARN d u r i n g Year 1988' 3 0 A p r i l
1987 a s ' F i g 3 ' (annex 4 ) . T h i s s u g g e s t s t h a t a network based o n 4
in te r connec ted ' s t a r s ' a t Ru the r fo rd L a b o r a t o r y , M o n t p e l l i e r , CERN, and
Stockholm would p r o v i d e n e a r min imal l i n e c o s t s . Such a c o n fi g u r a t i o n
wou ld a l s o b e s u i t a b l e f o r a n X.25 ne twork w i t h s w i t c h e s o f about e i g h t
l i n e c a p a c i t y a t these s i t e s . A s m a l l number o f changes would b e needed
t o t h e topo logy i n ' F i g 3 ' . A f a i r l y s u b s t a n t i a l r e c o n fi g u r a t i o n
i n v o l v i n g about 9 l i n e s i s needed t o move f rom t h e c u r r e n t leased l i n e
ne twork to the proposed one.

I n i t i a l l y t h e f o u r s i t e s wou ld b e connected i n a s q u a r e which w i l l
p r o v i d e a c e r t a i n amount o f r e s i l i e n c e i n t h e e v e n t o f l i n e f a i l u r e . I f
and when t r a f fi c l e v e l s r i s e w i d e r band c o n n e c t i o n c o u l d b e made and/or
c ross connec t ions between the corners o f t h e square as t r a f fi c d i c ta ted .

Some o f t h e r e c o n fi g u r a t i o n w i l l b e unde r taken a s a r e s u l t o f c u r r e n t l y
develop ing p l a n s f o r the EARN RSCS network and hence t h e r e c o n fi g u r a t i o n
a s a r e s u l t o f t r a n s i t i o n i s s m a l l and r e s u l t s i n reduced c o s t s .

I t w i l l be conven ien t i f new l i n e s were to o p e r a t e w i t h X.25 from
i n s t a l l a t i o n thus p r o v i d i n ga good f a l l back p o s i t i o n d u r i n g t h e
changes.

A s some n a t i o n a l p a r t s o f EARN m i g r a t e and p o s s i b l e become p a r t o f t h e
EARN address space a d i f f e r e n t s w i t c h t o p o l o g y may deve lop due t o t h e
p r o v i s i o n o f l o c a l swi tches which cou ld b e used f o r l o c a l and
i n t e r n a t i o n a l EARN. T h i s i s a n y a r e a f o r f u r t h e r s t u d y .

It is recommended t h a t :
* f o u r 8 l i n e s w i t c h e s b e p u r c h a s e d and i n s t a l l e d a t R u t h e r f o r d
L a b o r a t o r y , M o n t p e l l i e r , CERN, and S tockho lm .
* new l i n e s between Stockholm - Ru the r fo rd and R u t h e r f o r d - M o n t p e l l i e r



be i n s t a l l e d and an X.25 s e r v i c e commenced.
* the Stockholm - Geneva and Geneva - M o n t p e l l i e r l i n e s b e conver ted
to X.25 as confidence b u i l d s .
* e x i s t i n g RSCS l i n e s w i l l b e conver ted t o X.25 a s c o n v e n i e n t .
* when p o s s i b l e new l i n e s w i l l use X.25.

Areas f o r f u r t h e r s t u d y :
* t h e deve lopment o f X.25 s e r v i c e s w i t h i n c o u n t r i e s .
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1.3 Swi tch s p e c i fi c a t i o n

The r e q u i r e m e n t s f o r a n X.25 swi tch a r e :

- Must p r o v i d e X.25 (1984).

- Must p r o v i d e b o t h switched and p e r m a n e n t v i r t u a l c i r c u i t s .

- Must p r o v i d e f o r u p t o 2 0 DCE i n t e r f a c e s .

- Must p r o v i d e f o r u p t o 500 v i r t u a l c i r c u i t s .

- DCE i n t e r f a c e s must o p e r a t e u p t o 64K b i t s p e r second.

- Must p r o v i d e management f a c i l i t i e s .

- Must b e c a p a b l e o f s u p p o r t i n g t h e EARN address scheme ( X . 1 2 1 ) .

- Must b e c a p a b l e o f 800 p a c k e t s p e r second .

- Must b e s u p p o r t e d i n t h e EARN c o u n t r i e s where t h e y w i l l b e i n s t a l l e d .

1.4 Swi tch s u p p l i e r s

There a r e a l a r g e number o f X.25 s w i t c h s u p p l i e r s most o f which
e x p e c t t o d e v e l o p X.25 (1984) p r o d u c t s . A s u r v e y i n t h e U K suggested
t h a t t h a t t h e r e a r e a number o f p o s s i b l e p r o d u c t s m e e t i n g the EARN
r e q u i r e m e n t (see annex 1 ) . IBM can p r o v i d e a s w i t c h i n g s e r v i c e based o n
3725 equ ipmen t t o g e t h e r w i t h an MVS sys tem f o r management.

It is e s s e n t i a l t h a t the network is p r o v i d e d w i t h a management s e r v i c e
and t h i s i m p l i e s ( w i t h t h e c u r r e n t s t a t e o f s t a n d a r d s ) t h a t t h e sw i t ches
a r e p r o v i d e d b y a s i n g l e s u p p l i e r .

The IBM p r o d u c t , X.25 SNA i n t e r c o n n e c t ( X I ) , c a n p r o v i d e a n X.25
n e t w o r k . I t has t h e a t t r a c t i o n t h a t some o f t h e equ ipmen t r e q u i r e d
a l r e a d y e x i s t s . C u r r e n t l y , o f t h e p r o j e c t e d s w i t c h s i t e s , o n l y
Ruther ford and M o n t p e l l i e r have IBM 3725 e q u i p m e n t and thus equ ipment
wou ld be needed at Stockholm and CERN. The p u r c h a s e of equ ipmen t f o r
these s i t e s would i n c u r a h i g h c o s t , i n f a c t h i g h e r than the c o s t o f
f o u r s w i t c h e s from an a l t e r n a t i v e manufacturer. A l t e r n a t i v e l y a
d i f f e r e n t topo logy cou ld be considered which would p robab ly i n c u r h i g h e r
l i n e c o s t s and may have p e r f o r m a n c e i m p l i c a t i o n s . Due t o t h e r e l a t i v e l y
s m a l l number o f IBM 3725s a t the i n t e r n a t i o n a l s i t e s i t would n o t b e
p o s s i b l e t o s e t u p such a network w i t h o u t s u b s t a n t i a l r e c o n fi g u r a t i o n .
The p r o v i s i o n o f a n MVS s y s t e m t o manage t h e n e t w o r k would n o t b e a
p r o b l e m s i n c e t h i s f u n c t i o n o n l y r e q u i r e s a f r a c t i o n o f a machine. I f
e x i s t i n g e q u i p m e n t were t o b e used t h e n t h i s e q u i p m e n t would i n m o s t
cases b e p r o v i d i n g o t h e r s e r v i c e s and w o u l d b e more l i a b l e t o f a i l u r e o r
i n t e r r u p t i o n f o r reascns connected w i t h t h e l o c a l s e r v i c e . I t i s unc lea r
how p r e p a r e d s i t e s w o u l d b e f o r t h e i r e q u i p m e n t t o b e managed f r o m
elsewhere. If new e q u i p m e n t were to be p u r c h a s e d f o r a l l the s w i t c h
S i t e s t h i s would b e e x p e n s i v e compared w i t h sw i t ches from o t h e r sources.

A f u r t h e r advan tage o f u s i n g IBM s w i t c h i n g e q u i p m e n t i s where c o u n t r i e s
have s u b s t a n t i a l a m o u n t s o f IBM e q u i p m e n t a n d w i s h t o b e p a r t o f t h e
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EARN managed X.25 i n f r a s t r u c t u r e then t h i s c o u l d b e e a s y and cheap t o
Go. O n t h e o t h e r hand c o u n t r i e s w i t h l i t t l e IBM equ ipment and w i s h i n g t o
b e p a r t o f the EARN managed X.25 i n f r a s t r u c t u r e would fi n d i t e x p e n s i v e
compared w i t h t h e purchase o f a l t e r n a t i v e sw i tches .

The U K s w i t c h s u r v e y s u g g e s t s t h a t t h e TelePAC s w i t c h p r o v i d e s t h e
cheapes t s u i t a b l e equ ipmen t . The company c l a i m to p r o v i d e X.25 (1984).
S i x U K u n i v e r s i t i e s and Ruther ford now have such swi tches. The TelePAC
s w i t c h i s based o n M68000 p r o c e s s o r s . I t can b e expanded u p t o 3 2 l i n e s ,
can s w i t c h 1162 packe ts p e r second, s u p p o r t 1500 channe l s , and s u p p o r t
l i n e s up to 153K b i t s p e r second. I t can be mounted in convent iona l
19inch r a c k s and has no m o v i n g p a r t s .

D e t a i l s of t h e TelePAC s w i t c h a r e in annex 2. Th i s is n o t an endorsement
o f t h i s p a r t i c u l a r s w i t c h b u t i s evidence t h a t a t l e a s t one s u i t a b l e
s w i t c h e x i s t s .

I f e q u i p m e n t were purchased s p e c i fi c a l l y f o r t h e network based o n t h e
r e q u i r e m e n t f o r u p t o 8 l i n e s a t 4 s i t e s t hen such swi tches would c o s t
about 10,O00O0UKL each e x c l u d i n g management equ ipmen t .

It is recommended t h a t :
* t h e EARN X.25 i n f r a s t r u c t u r e b e based o n ded ica ted e q u i p m e n t u n r e l a t e d
t o e q u i p m e n t used f o r o t h e r p u r p o s e s .
* EARN should e v a l u a t e s u i t a b l e swi tches.

1.5 X.25 address scheme

EARN must d e fi n e a n X.25 DTE address s t r u c t u r e . A number o f
c o n s i d e r a t i o n s  a r e  r e l e v a n t :

- The scheme m u s t a l l o w t h e DTE numbers t o b e a l l o c a t e d a s a u t o m a t i c a l l y
a s  p o s s i b l e .

- The l e a d i n g d i g i t o f t h e DTE m u s t b e n o n z e r o . The U K has had
cons iderab le prob lems as t h e y have a number o f l e a d i n g zeros in t h e i r
DTE numbers which has l e d t o a m b i g u i t i e s .

- I t i s i m p o s s i b l e t o d e fi n e a n address scheme wh ich harmon ises w i t h a l l
t h e e x i s t i n g ne tworks . To d o s o would p r e v e n t EARN f r e e l y a l l o c a t i n g
numbers o r p r e v e n t t h e o t h e r networks f r e e l y a l l o c a t i n g numbers and t h i s
i s  u n a c c e p t a b l e .

The CCITT X.121 Recommendation d e fi n e s a DTE n u m b e r i n g scheme and is t h e
o n l y s t a n d a r d i n t h i s a r e a .

X .121 s t a t e s t h a t an address is o f t h e fo rm:

St teen e n o e e e e ne eeee e e+

P DNIC NIN
up to 1 4 up to 10

d i g i t d i g i t s d i g i t s
w e reww ewm e r eDetenincintieniantaie adeno pew wm m e w emem mem eww ee e e r esses r e o r e r r e r r r - - +

P i s t h e i n t e r n a t i o n a l p r e fi x . A s y e t i t s u s e r e q u i r e s f u r t h e r s t u d y b y
CCITT b u t i t i s e x p e c t e d t o d i f f e r e n t i a t e between v a r i o u s address
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f o rmats . From X.121 i t i s f a r from c l e a r how the d i g i t i s used and the
p o i n t s o f q u e s t i o n a r e :

- I t i s unc lear whether the d i g i t i s used b y the o r i g i n a t i n g DTE i n
o rde r to c o n t r o l t h e cons t ruc t ion o f the DTE number or p r e fi x e d to t h e
DTE number and used by the DCE equipment . (Temporary n o t e - I subscribe
to t h e former v i e w ) .

- A s f a r a s i s known n o PTT uses the p r e fi x a s p a r t o f the c a l l e d DTE
wh ich is passed to t h e DCE.

- To a v o i d a m b i g u i t y w i t h a DNIC the p refix may o n l y b e 0 , 8 , o r 9 .

DNIC i s t h e Data Network i d e n t i fi c a t i o n code. Th is c o n s i s t s o f a 3 d i g i t
c o u n t r y code (see below f o r the European codes or see X.121 f o r a
comp le te l i s t ) p l u s a f u r t h e r d i g i t t o i d e n t i f y the network w i t h i n t h e
c o u n t r y .

NTN i s t h e N a t i o n a l Termina l Number. T h i s i s a l l o c a t e d b y t h e network
o p e r a t o r . Common u s e i n d i c a t e d t h a t t h e NIN shou ld b e 8 d i g i t s f o l l o w e d
by a o p t i o n a l 2 d i g i t subaddress which is n o t p o l i c e d by t h e n e t w o r k .
S e v e r a l a d m i n i s t r a t i o n s s p l i t t he 8 d i g i t number i n t o a n a r e a code
( i d e n t i c a l o r s i m i l a r t o the telephone area codes) p l u s d i g i t s t o
d i f f e r e n t i a t e between equipment i n the area.

Temporary n o t e - HEP have proposed an address scheme f o r t h e i r communi ty
which:
- Addresses should be the same address t h a t t h e y have ( o r would have?)
from the PTT.
- I f an address is preceded by 9 ( t h a t i s , the P d i g i t is 9) then t h e
c a l l would go v i a p r i v a t e networks, otherwise i t would go by t h e p u b l i c
networks.
- I t i s u n c l e a r what happens when a s i n g l e p u b l i c DTE number i s used t o
a g a t e w a y to a number of machines which may be d i r e c t l y on a p r i v a t e
n e t w o r k .
- From X.121 i s i s u n c l e a r whether t h i s i s a l e g i t i m a t e use o f t h e P
d i g i t . X .121 s u g g e s t s t h a t the P d i g i t may o n l y be p rocessed by t h e DTE
and may n o t form p a r t of the DTE number as p u t in t h e c a l l s e t up
p a c k e t .
- I f p o s s i b l e t h e r e wou ld be advantage in a l i g n i n g t h e EARN address
scheme w i t h t h e HEP one .

Without p r e j u d i c e to f u r t h e r discussions w i t h HEP and o t h e r communit ies
EARN shou ld a d o p t X.121.

I t i s c o n s i d e r e d t h a t t h e P d i g i t o n l y has l o c a l s i g n i fi c a n c e .

A n a t t e m p t c o u l d b e made t o s e l e c t t h e f o u r t h d i g i t o f the DNIC s o a s t o
make t h e EARN address or thogona l to those o f the PTTs. There is no
g u a r a n t e e t h a t t h i s can be achieved or mainta ined. There cou ld be m e r i t
i n s e l e c t i n g t h e d i g i t s o t h a t EARN i s o r t h o g o n a l t o o t h e r p r i v a t e
n e t w o r k s w i t h w h i c h EARN may w is h t o c o n n e c t . F o r t h e t i m e b e i n g t h e
recommendation is to make t h e d i g i t 0.

The X.121 DNICs f o r E u r o p e a r e :

A u s t r i a 232
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Be lg ium 206
Denmark 238
E i r e 272
F i n l a n d 244
France 208
Germany 262
Greece 202
I s r a e l 42s
I t a l y 222
I v o r y Coast 612
Luxemburg 270
Nether lands 204
Norway 242
P o r t u g a l 268
S p a i n 214
Sweden 240
Swi t ze r land 228

The 8 d i g i t p a r t of the Network Terminal Number defines t h e d a t a
t e r m i n a l equ ipment w i t h i n t h e c o u n t r y . Coun t r i es a r e r e s p o n s i b l e f o r
s e l e c t i n g t h e n a t i o n a l number scheme b u t i t i s sugges ted t h a t t h e fi r s t
4 d i g i t s s h o u l d d e fi n e t h e s i t e and b e based o n t h e p u b l i c t e l e p h o n e
a r e a codes. The subsequent 4 d i g i t s shou ld d e fi n e t h e DTE w i t h i n a s i t e .
Many p u b l i c X.25 f o l l o w a s i m i l a r scheme.

The fi n a l and o p t i o n a l 2 d i g i t s which a r e termed t h e subaddress w i l l n o t
b e p o l i c e d b y t h e ne twork . N o s p e c i fi c use has been s p e c i fi e d f o r these
d i g i t s .

I t i s e s s e n t i a l t h a t t h e DTE numbers a r e r e g i s t e r e d c e n t r a l l y i n o r d e r
t o m a i n t a i n t h e c o n s i s t e n c y o f t h e network and t o p r o v i d e d i r e c t o r y
f a c i l i t i e s . T h i s should b e undertaken b y a network management c e n t r e .

The recommended scheme w i l l p r o v i d e a fi r m base f o r almost u n l i m i t e d
g r o w t h b o t h i n t h e c o u n t r i e s connected and w i t h i n t h e c o u n t r i e s and
s i t e s .

It is recommended:
* EARN uses a number scheme based on CCITT Recommendation X.121.

* DTE number shou ld be ‑
t o w e rere w e e s F r r n e e wee e ee eeee+

DNIC | NIN |
pom wn e r e e e e e e r e perm er em me e e e e e e Pere we em ww ne ee e e e +

d i g i t s |4 d i g i t s i t e code |4 d i g i t machine |2 d i g i t subaddress |
p e e w e e pee e ww e e e ee ee e $ ee r e e e e e e $ mw e r e we e e e e e e en w +

* The f o u r t h d i g i t o f the DNIC shou ld be se lec ted by t h e c o u n t r y b u t 0
is recommended.
* It is recommended t h a t t h e '4 d i g i t s i t e code' shou ld be s e l e c t e d by
t h e c o u n t r y and t h a t i t i s based o n t e l e p h o n e a rea codes.
“ It is recommended t h a t t h e '4 d i g i t machine' should be s e l e c t e d by t h e
s i t e b u t a c o u n t r y may w i s h to i m p o s e f u r t h e r recommendat ions.
* The o p t i o n a l '2 d i g i t subaddress' w i l l n o t be p o l i c e d by the ne twork
and t h e u s e t o wh ich these d i g i t s a r e p u t i s n o t d e fi n e d .
* The DTE numbers s h a l l b e r e g i s t e r e d w i t h a ne twork management c e n t r e .
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1.6 Management c e n t r e

The X.25 i n f r a s t r u c t u r e w i l l r e q u i r e management t o :

- equ ipment s e l e c t i o n ,purchase and i n s t a l l a t i o n

- t o c o n fi g u r e t h e swi tches and o t h e r equ ipment

- a l l o c a t e DTE numbers

- to mon i to r performance

- to respond to f a u l t s

- fo rward p l a n n i n g .

I n i t i a l l y t h i s w i l l r e q u i r e a modest amount o f e f f o r t a t one c e n t r a l
s i t e and a sma l l amount of e f f o r t at each s w i t c h s i t e . The e f f o r t
r e q u i r e d w i l l i n c r e a s e w i t h t h e extension of t h e X.25 network i n t o some
n a t i o n a l p a r t s o f EARN. None t h e l e s s each c o u n t r y w i l l have t h e
r e s p o n s i b i l i t y o f managing i t s p a r t o f t h e network i n c o n j u n c t i o n w i t h
t h e i n t e r n a t i o n a l management. F u r t h e r s t u d y i s needed t o p r o v i d e a more
a c c u r a t e e s t i m a t e b u t t h e t o t a l shou ld n o t b e d i s s i m i l a r t o that
absorbed by a comparable RSCS network.

I t is advisable to l o c a t e t h e c e n t r e at a s i t e wh ich already h a s
e x p e r t i s e w i t h network management. T h i s should reduce the c o s t s involved
and ensure a h i g h standard of management.

It is recommended t h a t : .
* a network management c e n t r e is estabiished to undertake the management :
o f t h e X.25 i n f r a s t r u c t u r e .

1.7 X.25 w i t h i n a c o u n t r y

I t i s e s s e n t i a l t h a t EARN m a i n t a i n s i t s connec t i ons w i t h t h e e x i s t i n g
use r base. It is des i rab le t h a t EARN has connections to other e x i s t i n g
and emerg ing academic networks .

The dec i s i on as to whether EARN w i t h i n a c o u n t r y w i l l o p e r a t e o v e r t h e
p u b l i c X.25 n e t w o r k , u s e l e a s e d l i n e s f o r X . 2 5 , o r u s e some o t h e r
techno logy w i l l be a l o c a l d e c i s i o n depend ing on n a t i o n a l academic
p l a n s .

Countr ies may wish to share t h e EARN DTE address scheme. In t h i s case
t h e c o u n t r y may j o i n t h e EARN X.25 management s t r u c t u r e which would
( w i t h c u r r e n t s tandards) a lmost c e r t a i n l y r e q u i r e them to use t h e same
switches a s the i n t e r n a t i o n a l p a r t o f EARN. I f a c o u n t r y uses
a l t e r n a t i v e swi tches then t h e y w i l l have t o t o t a l l y manage t h e i r n e t w o r k
and a s u i t a b l e management i n t e r f a c e w i l l be r e q u i r e d to e n s u r e t h a t
s e r v i c e i s ma in ta ined between t h e networks and t h a t t h e number scheme
remains c o n s i s t e n t .

Where c o u n t r i e s have e n t i r e l y s e p a r a t e ne tworks gateways and r e l a y s w i l l
be r e q u i r e d at ne twork or h i g h e r l e v e l s which a r e considered in s e c t i o n
8 . I n t h i s case t h e r e may b e r e s t r i c t i o n s o n the t r a f fi c which can p a s s
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between t h e networks.

It is recommended t h a t :
* Count r ies m i g r a t e t h e i r na t i ona l p a r t s o f EARN to use ISO p r o t o c o l s in
c o n j u n c t i o n w i t h t h e i r n a t i o n a l academic p l a n s .
* Each c o u n t r y should s tudy and decide how t h e y w i l l connec t t o t h e EARN
X.25 i n f r a s t r u c t u r e .

S e c t i o n 3 - Use o f t h e IBM Network Job E n t r y p r o t o c o l

1 Network j o b e n t r y (NJE)

The ne twork p r o d u c t s o f IBM w i l l n o r m a l l y b e based o n t h e SNA (system
network a r c h i t e c t u r e ) p r o d u c t s . P roduc ts w i t h i n t h i s a r c h i t e c t u r e a l l o w
t h e IBM NJE p r o t o c o l t o o p e r a t e o v e r X.25. T h i s scheme demands t h e u s e
o f X.25 p e r m a n e n t v i r t u a l c i r c u i t s . C u r r e n t l y t h e PTT X.25 networks d o
n o t p r o v i d e such c i r c u i t s o n i n t e r n a t i o n a l l i n k s . I n a d d i t i o n s e v e r a l
n a t i o n a l PTT networks d o n o t p r o v i d e them.

Temporary n o t e - Recent announcements by IBM i n d i c a t e t h a t NJE can
o p e r a t e ove r switched v i r t u a l c i r c u i t s . T h i s announcement has y e t to be
s t u d i e d .

The u s e o f t h e IBM NJE o v e r X.25 p r o d u c t s w i l l a l l o w t h e c u r r e n t EARN
t r a f fi c genera ted in the e x i s t i n g nodes to c ross t h e X.25 network w i t h
o u t change t o node software o r user i n t e r f a c e s . That i s , a p a r t from t h e
changes in t h e nodes d i r e c t l y connected to the X.25 network .

I t i s p o s s i b l e t o o p e r a t e a number o f p r o p r i e t a r y IBM p r o t o c o l s o v e r t h e
X.25 in f ras t ruc tu re such as LU 6.2 o r IBM 3270. I f these p r o t o c o l s are
i n t r o d u c e d , wh ich p a t e n t l y have n o c u r r e n t ISO e q u i v a l e n t , t h e removal
o f IBM p r o p r i e t a r y p r o t o c o l s w i l l b e made more d i f fi c u l t .

I t  is recommended:
* NJE i s p r o v i d e d over the X.25 network a s a n i n t e r i m p r o t o c o l .
* NJE is phased o u t as s u i t a b l e ISO p r o t o c o l p r o d u c t s a r e developed,
i n t r oduced , and p r o v e d t o p r o v i d e a s a t i s f a c t o r y s e r v i c e .
* IBM p r o d u c t s implement ing p r o p r i e t a r y p r o t o c o l s a p a r t f rom NJE shou ld
n o t b e al lowed t o use the X.25 i n f r a s t r u c t u r e .

2 Management

I t would b e p o s s i b l e t o cons ide r t h e NJE o v e r SNA s e r v i c e a s a s i n g l e
SNA n e t w o r k and t a k e advan tage o f t h e management . T h i s i s n o t
recommended a s :

- A s i n g l e SNA management p o i n t would have to d e fi n e and c o n t r o l t h e
a d d r e s s i n g and t h i s would b e u n a c c e p t a b l e t o s i t e s a s i t would l i m i t
t h e r e a b i l i t y to c o n t r o l t h e i r machines.

- The machines may have to o p e r a t e t h e same r e l e a s e s of n e t w o r k
s o f t w a r e .

- The management o f t h e SNA names and addresses w o u l d t a k e cons iderab le
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e f f o r t .

I t  is  recommended:
* E i t h e r SNA extended a d d r e s s i n g (ENA) o r m u l t i p i e SNA networks
in te rconnec ted w i t h SNA network i n t e r c o n n e c t (SNI) a r e used.

3 Software and hardware r e q u i r e d

A l l the international EARN nodes o p e r a t e under the IBM VMor MVS
o p e r a t i n g sys tems and these a r e the o n l y sys tems c a p a b l e o f o p e r a t i n g
NJE o v e r X.25.

F o r b o t h VM and MVS t h e sof tware s tack i s :

$ e e e e e e e + +

| RSCS v 2 o r JES |---- t o n a t i o n a l EARN nodes
$ e e n w e n n e n e e n e e n e w e e e +

| VTAM |
$ e w e e e w w w n e e w e e n n e e +

|
$ oe ee eo e+ ee +

NCP
NPSI

$ c e e n n n n n n n o n e e e e e +

|
X.25

The software p r o d u c t s r e q u i r e d a r e :

ACF/NCP V4 5668-754
ACF/SSP V3
X.25/NPSI 5668-981
ACF/VTAM 5664-280

The hardware r e q u i r e d is an IBM 370 c o m p u t e r or s i m i l a r w i t h an IBM
3720/3725 communications a d a p t e r or IBM 4361 or 9370 w i t h i n t e g r a t e d
communications a d a p t e r .

The a v a i l a b i l i t y o f t h e hardware and so f twa re o n i n t e r n a t i o n a l s i t e s i s :

S i t e Sys VTAM NCP NPSI RSCS2 JES2 3720 3725 3705 4705

FINHUTC VM Y ( 1 )
FRMOP11 VM Y Y Y Y
DBNGMD21 MVS Y Y Y Y Y
DEARN VM Y Y¥(2) Y
EBOUBO11 VM Y Y Y
CEARN VM Y
EARNET VM Y Y
IRLEARN VM Y
CIEARN VM Y ( 2 ) Y
HEARN VM Y ( 2 ) Y
UKACRL VM Y(2 ) Y(2) Y(2) Y (2 ) Y Y Y
SEARN VM N o t known
BEARN VM Not known
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PTEARN VM Not Known
AEARN VM Not Known
TREARN VM Not known
GREARN VM Not known
TAUNIVM VM Not known
NORUNIT VM Not known
DKEARN VM Not known

(1 ) Equipment on l o a n from IBM.
(2) Software expected before the end of 1987.

Sect ion 4 - Use of o the r non ISO.

There a r e l a r g e u s e r communities w i t h i n Europe who use DECNET, Co loured
Book, and o t h e r p r o t o c o l s . These communities a r e unable to move to ISO
p r o t o c o l s i n the n e a r f u t u r e . They use a m i x t u r e o f leased l i n e and
p u b l i c networks .

I n t h e i n t e r e s t s o f r e d u c i n g t h e o v e r a l l c o s t s t o t h e academic communi ty
and t h e p r o v i s i o n o f g r e a t e r c o n n e c t i v i t y the re i s m e r i t i n a l l o w i n g
such p r o t o c o l s b e b e used over t h e EARN X.25 i n f r a s t r u c t u r e .

Such s e r v i c e s would have to be prov ided by connect ions from the EARN
swi tches to re levan t machines or to na t i ona l X.25 serv ices to which t h e
machines c o n n e c t . The e x a c t mechanisms w i l l have to be s t u d i e d w i t h i n
each c o u n t r y . Note t h a t such p r o v i s i o n s may r e q u i r e f u r t h e r connect ions
i n t o the proposed switches or f o r switches to be p r o v i d e d w i t h i n t h e
re levan t coun t r i es . The fi n a n c i n g o f t h i s equipment r e q u i r e s s t u d y.

I t is l i k e l y t h a t there w i l l be a demand f o r gateways or r e l a y s between
the va r i ous g a t e w a y s . The p r o v i s i o n o f these r e q u i r e s f u r t h e r s t u d y.

The use o f these p r o t o c o l s should b e phased o u t a s soon a s s u i t a b l e ISO
a l t e r n a t i v e s become a v a i l a b l e .

The p r o t o c o l s o f mos t i n t e r e s t a r e :

- The U K and I r e l a n d bo th use Coloured Book p r o t o c o l s and u n t i l t h e y
m i g r a t e t o use ISO p r o t o c o l s t h e y w i s h t o m a i n t a i n a Coloured Book
s e r v i c e between t h e c o u n t r i e s . There a r e a number o f o t h e r European
s i t e s u s i n g these p r o t o c o l s .

- SPAN ( t h e space p h y s i c s and a s t r o n o m y n e t w o r k ) and some h i g h e n e r g y
p h y s i c i s t s use DECNET. I f EARN were t o c a r r y t h i s t r a f fi c then i t wou ld
p r e v e n t t h e deve lopment o f new s e p a r a t e networks and would a l l o w t h e
c u r r e n t i n t e r n a t i o n a l DECNET networks t o amalgamate w i t h EARN should
t h i s be t h o u g h t des i rab le . Such a deve lopment c o u l d reduce a g g r e g a t e
c o s t s s i g n i fi c a n t l y .

There may b e o t h e r i n t e r i m p r o t o c o l s o f i n t e r n a t i o n a l i n t e r e s t which
c o u l d be cons idered. The i n c r e a s e in t h e number of p r o t o c o l s shou ld be
d i s c o u r a g e d t o a v o i d p rob lems i n p h a s i n g them o u t .

I t  is  recommended:
* EARN s h o u l d a l l o w t h e u s e o f p o p u l a r h i g h l e v e l p r o t o c o l s o v e r t h e
X.25 i n f r a s t r u c t u r e f o r a n i n t e r i m p e r i o d .
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* The p r o v i s i o n o f ga teways between t h e v a r i o u s p r o t o c o l s shou ld b e
s tud ied .
* Discussions should be h e l d w i t h i n t e r e s t e d p a r t i e s such as SPAN, HEP
SG5, Coloured Book c o m m u r i t y.
* The use o f such f a c i l i t i e s s h o u l d b e s t u d i e d w i t h i n each c o u n t r y
w i s h i n g t o make use o f t h e n . ‘
* The use o f such p r o t o c o l s shou ld b e phased o u t a s s u i t a b l e ISO
p r o t o c o l s p r o t o c o l p r o d u c t s become a v a i l a b l e .

Sec t i on 5 - Use o f ISO h i g h l e v e l p r o t o c o l s

1 ISO s e r v i c e s

I n g e n e r a l t h e h i g h l e v e l p r o t o c o l s r e q u i r e a n u n d e r l y i n g X.25 ne twork
as f a r medium speed w ide area n e t w o r k s , such as EARN, a r e concerned.
A t t h e s t a r t o f t r a n s i t i o n t h e EARN X.25 n e t w o r k w i l l o n l y c o n n e c t t o a
s m a l l number of machines. Thus t h e p r o v i s i o n of ISO p r o t o c o l s on these
machines w i l l a t t r a c t l i t t l e use i n i t i a l l y . However, such s e r v i c e s
s h o u l d be mounted as soon as conven ien t to g a i n e x p e r i e n c e and to
encou rage t h e u s e o f ISO p r o t o c o l s .

I n a d d i t i o n t o t h e ISO s e r v i c e s , c o n v e r t i n g gateways and r e l a y s w i l l b e
needed t o m a i n t a i n c o n n e c t i v i t y between u s e r s . These a r e considered i n
section 8

2 CCITT X.400 s e r i e s Recommendations

The fi r s t ISO h i g h l e v e l p r o t o c o l to be int roduced is l i k e l y to be
X.400 the message h a n d l i n g o r m a i l p r o t o c o l . This p r o t o c o l s i s now w e l l
developed and t h e r e a r e severa l imp lementa t ions now in ex i s t ence .

Cur ren t p r o d u c t s a re based o n the 1984 v e r s i o n . The 1988 vers ion i s
e x p e c t e d t o have v a r i o u s changes wh ich s u g g e s t t h a t i t would b e unwise
t o p r o v i d e a s e r v i c e based o n t h e e a r l i e r v e r s i o n a s t h i s w o u l d e n t a i l a
t r a n s i t i o n to t h e l a t e r one at some inconven ience.

EARN i s now c o n c l u d i n g a s t u d y o f t h e IBM H e i d e l b e r g X.400 s y s t e m
developed by the IBM European Network Cen t re . The conc lus ion o f t h e
s t u d y i s t h a t t h e s y s t e m i s capab le o f p r o v i d i n g a s e r v i c e o f t h e t y p e
r e q u i r e d by the academic communi ty. It is c lose to t h e CEN/CENELEC
func t iona l s tandard and i n d i c a t i o n s a r e t h a t i t w i l l i n t e r w o r k w i t h
o t h e r i m p l e m e n t a t i o n s . The g r o u p understands t h a t t h e s y s t e m i s b e i n g
m o d i fi e s t o o p e r a t e o v e r t h e IBM X.25 s u p p o r t e d p r o d u c t s and w i l l
t he re fo re be a b l e to c o e x i s t w i t h t h e NJE p r o d u c t . I t c u r r e n t l y uses an
IBM Series/1 c o m p u t e r to p r o v i d e t h e X.25 p a c k e t s e r v i c e . The s y s t e m has
t h e u s e f u l f a c i l i t y o f a l l o w i n g p a r t o f t h e u s e r a g e n t t o b e r e m o t e and
across a n NJE o r o t h e r s u i t a b l e ne two rk . T h i s w i l l a l l o w X.400 t o b e
a v a i l a b l e r a t h e r more w i d e l y t han t h e EARN X.25 i n f r a s t r u c t u r e . There
a r e a number o f o t h e r X.400 p r o d u c t s such a s EAN, f o r u s e w i t h VAX
c o m p u t e r s , and DEC's own X.25 p r o d u c t . A s these p r o d u c t s d o n o t o p e r a t e
o n t h e i n t e r n a t i o n a l nodes t h e i r u s e becomes o f i n t e r e s t a s t h e EARN
X.25 n e t w o r k expands i n t o c o u n t r i e s o r c o n n e c t s t o o t h e r X.25 n e t w o r k s .

The p r o d u c t s t a c k f o r a n IBM V M s y s t e m i s :
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It is recommended: .
* The H e i d e l b e r g X.400 s y s t e m based o n t h e OTSS and OSNS p r o d u c t s i s
p r o v i d e d o n t h e EARN i n t e r n a t i o n a l V Mnodes.
* X.400 s e r v i c e s shou ld b e p r o v i d e d t o o t h e r EARN V M nodes o v e r RSCS a s
r e q u i r e d .

3 CCITT X . 3 , X.28, and X.29 Recommendations

X .3 , X.28, and X.29 p r o v i d e i n t e r a c t i v e s e r v i c e s . They are n o t and a r e
u n l i k e l y t o become ISO standards. They a r e p o p u l a r and imp lemen ta t i ons
a r e w i d e l y a v a i l a b l e . I f o f f e r e d t h i s w i l l p r o v i d e a new t y p e o f s e r v i c e
f o r EARN.

Al though the bas i c p r o t o c o l is matched to s i m p l e terminals i t has been
found p o s s i b l e t o p r o v i d e more complex s e r v i c e s such a s IBM 3270 a l b e i t
a t a slow speed u s i n g p r o t o c o l s ove r X.29. Fo r example, the Ru the r fo rd
"async 3270' and t h e U K ‘ s i m p l e screen mode p r o t o c o l ’ .

N o e x t r a e q u i p m e n t o r expense i s i n v o l v e d i n t h e p r o v i s i o n o f t h i s
s e r v i c e b y EARN a l t h o u g h c o u n t r i e s o r s i t e s may w i s h t o p r o v i d e PADs
( p a c k e t assembly disassembly f a c i l i t y ) to a i d access.

Sys tems p r o v i d i n g t h e p r o t o c o l s shou ld conform t o f u n c t i o n a l s tandards
Y/11 and Y/12.

It is recommended:
* CCITT X . 3 , X.28, and X.29 should be al lowed to use t h e X.25
i n f r a s t r u c t u r e .

4 FTAM, V I P, and JTP

The I S O p r o t o c o l s FTAM ( fi l e t r a n s f e r a n d m a n i p u l a t i o n ) , V IP ( V i r t u a l
t e r m i n a l p r o t o c o l ) , and JTP ( j o b t r a n s f e r p r o t o c o l ) a r e n o t a s w e l l
deve loped a s o t h e r p r o t o c o l s .

FTAM i m p l e m e n t a t i o n s s h o u l d b e a v a i l a b l e i n a y e a r o r s o and p i l o t
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i m p l e m e n t a t i o n s a r e now i n e x i s t e n c e . I f these i m p l e m e n t a t i o n s a r e used
then s e r v i c e s may b e d i s r u p t e d a s t h e p r o d u c t s deve loped and p o s s i b l e
change t o a l i g n w i t h the f u n c t i o n a l standards b e i n g e l a b o r a t e d .

VIP and JTP standards a r e unstab le and i m p l e m e n t a t i o n s a r e u n l i k e l y i n
t h e foreseeable f u t u r e . EARN i s p a r t i c u l a r l y i n t e r e s t e d i n VIP
developments s i n c e many s e r v i c e s now r e q u i r e f u l l s c r e e n s e r v i c e s as
p r o v i d e d on l o c a l terminals by IBM 3270 and DEC VT200 equ ipment .

I t  is  recommended:
* FTAM i s n o t promoted u n t i l su i tab le s t a b l e p r o d u c t s a r e a v a i l a b l e .
* EARN s h o u l d m o n i t o r s the deve lopment o f t h e VIP and JTP standards and
subsequent p r o d u c t s and promotes them at a s u i t a b l e f u t u r e d a t e .

S e c t i o n 6 - N a t i o n a l components of EARN.

1 Types on n a t i o n a l components.

There a r e t h r e e cases to be considered:

- Where a non ISO network a l r e a d y e x i s t s .

- Where a c o u n t r y has an ISO network .

- Where a c o u n t r y has a n ISO network which i s p a r t o f EARN.

2 E x i s t i n g non ISO networks.

C u r r e n t l y a l l networks f a l l i n t o t h i s c a t e g o r y . I n i t i a l l y EARN w i l l o n l y
p r o v i d e ISO p r o t o c o l s a t and be low ne twork l a y e r .

A v a r i e t y o f c o n v e r t i n g r e l a y s and g a t e w a y s w i l l b e r e q u i r e d . Many o f
these e x i s t o r a re under deve lopment . The p r o d u c t s r e q u i r e d w i l l change
a s EARN and t h e n a t i o n a l networks d e v e l o p . The a v a i l a b i l i t y o f such
p r o d u c t s i s examined i n s e c t i o n 8 .

I n t h e i n i t i a l s t a g e s o f t r a n s i t i o n , t h a t i s w i t h IBM NJE p r o t o c o l s o v e r
X . 2 5 , a l l t h e c u r r e n t r e l a y s ( t h e r e a r e n o g a t e w a y s i n t h e s t r i c t
mean ing o f t h e te rm) w i l l c o n t i n u e to o p e r a t e unchanged . Thus u s e r w i l l
p e r c e i v e n o change i n t h e p e r c e p t i o n o f t h e s e r v i c e .

The a p p l i c a t i o n r e l a y s depend o n t h e u s e o f h i g h l e v e l addresses such a s
t h o s e found i n X.400 and RFC822. I n b o t h o f these areas a g r e e m e n t s a r e
r e q u i r e d . There i s some p r o g r e s s i n t h i s a rea w i t h i n RARE.

3 ISO ne two rks .

O n t h e a s s u m p t i o n t h a t EARN and t h e n a t i o n a l n e t w o r k w i l l b e r u n n i n g
c o m p a t i b l e p r o d u c t s , t h a t i s c o n f o r m i n g t o r e l e v a n t f u n c t i o n a l
s t a n d a r d s , then t h e r e w i l l b e network l e v e l r e l a y s between t h e ne tworks .
In t h e mean t ime i t i s d i f fi c u l t t o make a n y f u r t h e r s ta temen ts as p l a n s
f o r s u c h networks a r e o n l y now e m e r g i n g and c e r t a i n l y t h e r e a r e n o
d e fi n i t i v e s ta temen ts .
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The use o f network l e v e l g a t e w a y s r e q u i r e s t h e use o f NSAP (Network
Serv ice Access P o i n t ) addresses and these a r e an area of s t u d y.
EARN w i l l need to s t u d y how it w i l l connect to such networks as t h e i r
d e t a i l s emerge.

4 EARN w i t h i n a c o u n t r y .

I n a number o f cases c o u n t r i e s may w ish t o share t h e EARN X.25 DTE
number p l a n i n which case t h e y w i l l b e p a r t o f EARN a s r e g a r d s t h e
se rv i ces o f f e r e d a t t he X.25 l e v e l . I f t hey use the same s w i t c h
manufacturer then the network management w i l l be ab le to be common. If
d i f f e r e n t s w i t c h manufacturers a r e se lec ted then i t is u n l i k e l y t h a t the
management w i l l b e common and s u i t a b l e pragmat ic management a r r a n g e m e n t s
w i l l have to be deve loped to main ta in t h e s e r v i c e between t h e networks
in each case . There w i l l c l e a r l y be advantages w i t h r e s p e c t to
r e l i a b i l i t y and a v a i l a b i l i t y i f t h e management i s common b u t t h e
p o l i t i c a l and fi n a n c i a l consequences r e q u i r e s t u d y .

A l t h o u g h i n t h i s case t h e X.25 network would b e common t h e h i g h e r l e v e l
p r o t o c o l s may be d i f f e r e n t a l t h o u g h t h i s would be undes i rab le . None t h e
l e s s i f i t i s the case c o n v e r t i n g r e l a y s o r gateways may b e needed.

It is recommended t h a t :
* f u r t h e r s t u d y is r e q u i r e d w i t h i n each c o u n t r y to determine what
deve lopments should t a k e p l a c e .

Sec t i on 7 - The phas ing o u t o f non ISO p r o t o c o l s .

The fi s t t a r g e t i s t o p r o v i d e a n i n t e r n a t i o n a l X.25 i n f r a s t r u c t u r e and
to encourage the development of an X.25 network w i t h i n each c o u n t r y . Fo r
fi n a n c i a l and p o l i t i c a l reasons whether t h i s takes p l a c e and b y when
canno t b e s t a t e d . T h e r e f o r e , i n p r a c t i c a l terms t h e d i scuss ion i s
c e n t r e d o n the phas ing o u t o f non ISO p r o t o c o l s o n t h e i n t e r n a t i o n a l
X.25 i n f r a s t r u c t u r e .

Wi th a n X.25 network i t i s n o t p o s s i b l e t o p o l i c e t h e h i g h e r l e v e l
p r o t o c o l s used and t h e r e f o r e t h e p h a s i n g o u t o f non ISO p r o t o c o l s can
o n l y b e b y remov ing t h e i r u s e w i t h i n a c o u n t r y and/or b y p r o v i d i n g
s u i t a b l e c o n v e r t i n g r e l a y s and gateways between the n a t i o n a l ne tworks
and the i n t e r n a t i o n a l p a r t o f EARN.

The p r i n c i p l e p r o t o c o l t o b e phased o u t i s NJE which would i n c l u d e t h e
u s e o f RFC822 o v e r NJE. The p r e r e q u i s i t e s f o r t h i s a r e a n X.400 t o
RFC822 r e l a y and a n FTAM t o NJE r e l a y o r g a t e w a y. S i n c e EARN c u r r e n t l y
uses these p r o t o c o l s e x c l u s i v e l y and some c o u n t r i e s a r e l i k e l y t o t a k e
some t i m e t o b e i n a p o s i t i o n t o phase them o u t i t i s l i k e l y t h a t t h e r e
e a r l y removal w i l l b e d i f fi c u l t . Re lays e x i s t between NJE and B l u e Book
fi l e t r a n s f e r and DFN fi l e t r a n s f e r . These p r o t o c o l s a re expec ted t o
h a v e g a t e w a y s o r r e l a y s t o FTAM w h i c h w i l l remove t h e need f o r r e l a y s t o
NJE.

I t i s u n d e r s t o o d t h a t DEC i n t e n d t o m i g r a t e DECNET t o ISO p r o t o c o l s . The
d e t a i l s o f t h i s move a r e n o t e n t i r e l y c l e a r a s t h e r e a r e some s e r v i c e s
w i t h i n DECNET which c u r r e n t l y have n o ISO c o u n t e r p a r t .
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The U K i s p l a n n i n g t o phase o u t t h e use o f Coloured Book p r o t o c o l s i n
favour o f ISO ones. Any use o f these p r o t o c o l s w i t h i n EARN i s there fo re
expec ted to cease w i t h t h e i r removal from JANET.

Sect ion 8 - Gateways and r e l a y s .

1 The need f o r r e l a y s and g a t e w a y s .

A number o f c o n v e r t i n g r e l a y s and gateways w i l l b e r e q u i r e d i n o r d e r t o
p r e s e r v e the c u r r e n t c o n n e c t i v i t y and t o enable EARN t o reach a l a r g e r
p o p u l a t i o n .

2 C o n v e r t i n g r e l a y between NJE and NJE o v e r X.25.

A c o n v e r t i n g r e l a y i s r e q u i r e d between IBM NJE o v e r b i - s y n c h and IBM NJE
o v e r X.25. T h i s r e l a y i s e s s e n t i a l f o r c o n n e c t i n g t h e c u r r e n t EARN
network t o t h e p r o p o s e d X.25 i n f r a s t r u c t u r e and i s p r o v i d e d a s a
s u p p o r t e d p r o d u c t f r o m IBM.

3 C o n v e r t i n g r e l a y between RFC822 and X.400.

X.400 i s e x p e c t e d t o b e t h e fi r s t ISO h i g h l e v e l p r o t o c o l b e b e used
over t h e EARN X.25 i n f r a s t r u c t u r e .

DFN i s p r o m o t i n g t h e p r o d u c t i o n o f a n RFC822 t o X.400 r e l a y which i s
b e i n g undertaken by S o f t l a b GmbH. I t is hoped t h a t EARN w i l l be a b l e to
use t h i s p r o d u c t wh ich w i l l b e a n i m p o r t a n t and e s s e n t i a l f o r p r o v i d i n g
a g a t e w a y between t h e RFC822 and X.400 communi t ies. The p r o d u c t w i l l
o p e r a t e o p e r a t e under t h e IBM V M o p e r a t i n g sys tem and t h e r e f o r e f u r t h e r
hardware s h o u l d n o t b e r e q u i r e d . The p r o d u c t i s scheduled f o r c o m p l e t i o n
by t h e end of 1987.

The r e l a y between RFC822 and X.400 is expec ted to be in accordance w i t h
RFC987. Th is r a i s e s d i f fi c u l t i e s a s the address scheme o f EARN i s
u n s u i t a b l e a s i t i s n o t based o n domain c o n c e p t s . I t i s p o s s i b l e t o
m o d i f y t h e EARN RFC822 address scheme to be changed to p r o v i d e a domain
address scheme which would be e a s y to r e l a y . D e t a i l s of t h i s scheme is
i n s e c t i o n 14.

A r e l a y e x i s t s between Grey Book m a i l and X.400 wh ich o p e r a t e s o n a VAX.
Such a p r o d u c t w i l l b e r e q u i r e d i f EARN moves t o X.400 b e f o r e t h e
Co lou red Book c o m m u n i t y . T h i s p r o d u c t has been d e v e l o p e d b y t h e Compu te r
Science Depar tment o f U n i v e r s i t y C o l l e g e London.

It is recommended t h a t :
* a ga teway b e p r o v i d e d between X.400 and RFC822.
* t h e a v a i l a b i l i t y a n d f u n c t i o n a l s p e c i fi c a t i o n o f t h e DFN p r o m o t e d
p r o d u c t s h o u l d b e s t u d i e d .
* t h e a v a i l a b i l i t y and f u n c t i o n a l s p e c i fi c a t i o n o f t h e G r e y Book t o
RFC822 p r o d u c t s h o u l d b e s t u d i e d .
* t h e EARN RFC822 address scheme i s m o d i fi e d t o a domain scheme. I t i s
recommended t h a t p r e s s u r e is b r o u g h t to b e a r on a l l EARN s i t e s to
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e x t e n s i o n s to X.28 expected in t h e 1988 Recommendations to a l l o w t h e
extended address t o b e s p e c i fi e d .

It is recommended t h a t :
* n o a c t i o n b e taken.

8 C o n v e r t i n g r e l a y between IBM NJE and Blue Book FIP

A s u i t a b l e r e l a y e x i s t s a t Ruther fo rd L a b o r a t o r y and no f u r t h e r a c t i o n
i s  r e q u i r e d .

It is recommended t h a t :
* n o a c t i o n b e t a k e n .

9 R e l a y o r gateway between DECNET and o t h e r p r o t o c o l s .

The e x t e n t t o wh ich t h e EARN X.25 i n f r a s t r u c t u r e w i l l c a r r y DECNET
t r a f fi c is n o t known. It m u s t be remembered t h a t DECNET p r o v i d e s p r o c e s s
to p r o c e s s communicat ion and t h a t a n y fi l e t r a n s f e r f a c i l i t i e s a r e
p r o v i d e d b y o p e r a t i n g sys tem f a c i l i t i e s , such a s a copy command. JNET
may o p e r a t e o v e r DECNET by one JNET p r o c e s s mak ing a connec t i on to a
r e m o t e o n e . The t w o m o s t s a t i s f a c t o r y s o l u t i o n s wou ld e i t h e r b e DECNET
on an IBM machine or NJE over X.25 on DEC machines t o g e t h e r w i t h
s u i t a b l e r e l a y s o f t w a r e , these d o n o t e x i s t and c o u l d b e s u b s t a n t i a l
p r o j e c t s .

There a r e two f u r t h e r o p t i o n s f o r a fi l e t r a n s f e r ga teway b o t h o f wh ich
have awkward address mechanisms:

~ The GIFT p r o j e c t cou ld be extended to i n c l u d e an NJE f a c i l i t y and t h i s
c o u l d p r o b a b l y b e based o n JNET. T h i s would a l l o w a u s e r o n a DEC
machine at tached to DECNET to use the COPY command to t r ansm i t a fi l e to
t h e GIFT machine which would then use JNET t o p a s s i t u s i n g the e x i s t i n g
EARN p r o t o c o l .

- JNET can o p e r a t e o v e r DECNET. T h i s would a l l o w NJE t o b e c a r r i e d a c r o s s
X.25. Th i s c o u l d b e r e l a y e d t o NJE o v e r b i - s y n c h and s o over t h e c u r r e n t
EARN network o r e v e n t u a l l y t o a r e l a y p r o v i d i n g NJE o v e r X.25. T h i s
r e q u i r e s no so f twa re development . The scheme w i l l be s u i t a b l e f o r m a i l .
Each DEC s i t e w i l l have to i n s t a l l t h e JNET so f tware .

F o r DEC m a i l t h e o n l y p o s s i b i l i t i y i s t h e CERN MINT s y s t e m .

It is recommended t h a t :
* t h e need f o r a r e l a y o r ga teway between DECNET and o t h e r p r o t o c o l s
s h o u l d b e s t u d i e d when f u r t h e r i n f o r m a t i o n o n t h e u s e o f t h e EARN X.25
i n f r a s t r u c t u r e b y DECNET i s known.

10 UNIX a n d UUCP

UNIX s y s t e m s o n EARN have a n i m p l i m e n t a t i o n o f NJE and i t would seem
u n l i k e l y t h a t t h i s cou ld b e enhanced t o emulate t h e IBM NJE o v e r X.25.
T h i s i s a s i m i l a r p o s i t i o n t o DEC machines w i t h JNET w i t h t h e e x c e p t i o n
t h a t t h e r e i s n o p o s s i b i l i t y o f o p e r a t i n g NJE o v e r o t h e r l o w l e v e l
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p r o t o c o l s .

UUCP i s t h e p r i n c i p l e fi l e t r a n s f e r and m a i l s y s t e m f o r UNIX s y s t e m s and
in t h e main it o p e r a t e s ove r d i a l up connections. There appear to be a
number o f ways o f g e t t i n g between EARN and UUCP which r e q u i r e f u r t h e r
s t u d y.

It is recommended t h a t :
* t h e p o s i t i o n o f UNIX systems w i t h i n the t r a n s i t i o n o f EARN i s f u r t h e r
s t u d i e d .

11 Network l e v e l g a t e w a y s .

Network l e v e l gateways w i l l be r e q u i r e d between the EARN X.25
i n f r a s t r u c t u r e and some n a t i o n a l o r p u b l i c networks. These w i l l b e
r e q u i r e d a s these networks adopt X.25 (1984). A s y e t t he re i s n o
i n d i c a t i o n o f where such p r o d u c t s w i l l come f r o n . ,

It is recommended t h a t :
* sources of network l e v e l gateways should be s tud ied .

12 O t h e r ga teways and r e l a y s .

T h i s document i s n o t an exhaus t i ve s u r v e y o f t h e ga teways and r e l a y s
which may b e r e q u i r e d .

It is recommended t h a t :
* t h e need f o r gateways and r e l a y s n o t mentioned above be s t u d i e d by
each c o u n t r y .

Sec t ion 9 - R e q u i r e d p r o d u c t s f o r nodes .

1 R e q u i r e d p r o d u c t s f o r nodes.

Th i s s e c t i o n s u r v e y s some o f the ISO p r o d u c t s which a r e ava i l ab le . I t i s
n o t d e fi n i t i v e and f u r t h e r d e t a i l s can found from t h e var ious s u p p l i e r s .

2 Nodes o p e r a t i n g w i t h IBM VM.

There a r e a number o f p r o d u c t s which a r e o f i n t e r e s t from v a r i o u s
sources.

The IBM SNA(ISO) p r o d u c t s p r o v i d e s e r v i c e s u p t o and i n c l u d i n g s e s s i o n
l e v e l . X.400 has now been announced. As y e t FTAM has n o t been announced.
IBM s u p p o r t s X.25 (1980) and has n o t y e t announced s u p p o r t f o r X.25
(1984). X . 3 , X.28, and X.29 (1980) PAD and p a c k e t mode DTE s u p p o r t is
p r o v i d e d b u t no s u p p o r t f o r t h e (1984) v e r s i o n has been announced . I t i s
be l ieved t h a t t h e 1980 p r o d u c t s w i l l i n t e r w o r k w i t h DCE equ ipmen t
s u p p o r t i n g 1984. The p r o v i s i o n o f 1984 w i l l o n l y become i m p o r t a n t a s t h e
h i g h e r l e v e l ISO s e r v i c e s a r e in t roduced and as t h e need to t r a v e r s e
n e t w o r k gateways d e v e l o p .
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The H e i d e l b e r g X.400 s y s t e m p r o v i d e s s u p p o r t f o r X.25 (1980) v i a a
Series/1 f r o n t end f o r V Ms y s t e m s . There i s n o i n f o r m a t i o n o n t h e
s u p p o r t of X.25 (1984). There is confidence t h a t t h e H e i d e l b e r g s y s t e m w i l l
be developed to o p e r a t e o v e r the SNA(ISO) p r o d u c t s .

There a re seve ra l o the r p r o d u c t s e t s which a re m a i n l y aimed a t the
s u p p o r t o f n a t i o n a l network serv ices a l t hough o p e r a t i n g o v e r X.25.
Examples of these a r e t h e Ruther ford L a b o r a t o r y and S a l f o r d U n i v e r s i t y
p r o d u c t s which s u p p o r t Coloured Book p r o t o c o l s . I n d i c a t i o n s a r e t h a t
these sys tems cou ld connect t o the EARN X.25 network i f r e q u i r e d . These
s y s t e m s are l i k e l y to be phased o u t as networks move to use ISO
p r o t o c o l s and manufacturer suppor ted p r o d u c t s .

S a l f o r d u n i v e r s i t y has deve loped a v e r s i o n o f FTAM which o p e r a t e s o v e r a
Series/1 f r o n t end and i n d i c a t i o n s are t h a t t h i s c o u l d c o e x i s t w i t h t h e
He ide lbe rg X.400 sys tem. I t may a l so be p o s s i b l e t o deve lop i t t o
o p e r a t e o v e r t h e IBM X.25 p r o d u c t which c o u l d g i v e some e a r l y s e r v i c e s
w i t h t h i s p r o t o c o l s . T h i s r e q u i r e s f u r t h e r s t u d y .

Note t h a t o n l y IBM c o m p u t e r s and sys tems c a n o f f e r NJE o v e r X.25 w h i c h
w i l l l i m i t t h e p e n e t r a t i o n o f t h i s method o f w o r k i n g w i t h i n c o u n t r i e s .

3 Nodes o p e r a t i n g w i t h IBM MVS.

A s w i t h V M t h e IBM SNA(ISO) p r o d u c t s o f f e r a s e r v i c e u p t o and i n c l u d i n g
session l e v e l . X.400 has been announced f o r use w i t h i n DISSOS.

Temporary n o t e - what do we know about X . 3 , X.28, and X.29 a l s o X.25
(1984)?

A v e r s i o n o f t h e R u t h e r f o r d Coloured Book p r o t o c o l s o p e r a t e u n d e r VMS.

4 DEC VAX VMS s y s t e m s .

DEC p r o v i d e s X.25(1984) in t h e c u r r e n t re lease of P S I . X.400 is now on
fi e l d t e s t . FTAM w i l l b e a v a i l a b l e t h i s y e a r b u t t h i s w i l l b e a v e r s i o n
con fo rm ing t o MAP r e q u i r e m e n t s . DEC p r o v i d e s s u p p o r t f o r X . 3 , X.28, and
X.29 (1984) f o r PAD and p a c k e t mode DTE. There i s a l s o a PAD a v a i l a b l e
from S t . Andrew's U n i v e r s i t y f o r t h e (1980) Recommendations. A v e r s i o n
o f X.400 i s a v a i l a b l e from Queens U n i v e r s i t y Canada o r f rom Sydney
C o r p o r a t i o n which has achieved some p o p u l a r i t y i n t h e European academic
commun i t y. T h i s i s known as EAN.
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The DEC p r o d u c t s t r u c t u r e i s :

p o e e e o r e e e r o e = + g e w w e e w o c o r - s = + gen e c r o r r s e r = +

| x.400 | | FTAM | | PSI PAD |
eee e we e e + geese r e s o o orr=+ ¢ e e n r r e c e r e o - - - +

| |
perme mw w w e ew w w w omen e e e e e n e r e r= +

| OSAC |
pee w w e m m m m e w w e n w e e n e e e m e e r +

|
$ e w w w n w w w w mw w w e e e e e e n n e e +

| VOTS |
$ e e w w w m m m e e e w w e e n e e e w o r c e n = = +

|
Perm e e w e e w w w e e e r e e w e w e s e s s e s e s e - power e e w e m e e e romeo r e e s e r r +

PSI | Packet mode DTE
peer e e m e e e m e e r e r e s e s e s o = +

|
$ee e n wmwnwnn n n nnee weeeew neeeemw e n eeeememes s e r e es e s s rr sseosrr-+

|
X.25

The hardware r e q u i r e d i s :

VAX ( n o t m i c r o VAX) w i t h KMS11 o r DMF11

or

M i c r o VAX w i t h KMV11

5 Other s y s t e m s .

M o s t , i t n o t a l l , o t h e r systems now h a v e X.25 (1980) s u p p o r t and have
p l a n s t o p r o v i d e (1984) ve rs i ons a s w e l l a s ISO h i g h e r l e v e l p r o t o c o l s .
D e t a i l s o f these produc ts a r e o f l e s s i n t e r e s t and a r e n o t inc luded
h e r e .

6 Packe t assembly d i sassemb ly f a c i l i t i e s (PADs).

Many PAD manufacturers a re e x p e c t i n g to s u p p o r t t he 1984 Recommendations
and a l t h o u g h m i g r a t i o n does n o t depend o n such e q u i p m e n t t h e r e w i l l b e
no d i f fi c u l t y o b t a i n i n g PADs. PADs s u p p o r t i n g t h e 1980 Recommendations
w i l l n o r m a l l y i n te rwork w i t h p a c k e t mode DTEs s u p p o r t i n g the 1988 ones
and v i c e versa (see Y/11 and Y / 1 2 ) .

7 Screen mode s e r v i c e s .

A number o f schemes have been d e v e l o p e d f o r s u p p o r t i n g IBM 3270 and DEC
VT200 o v e r X.29 connec t i ons . Async 3270 h a s been p r o d u c e d a t R u t h e r f o r d
and a l l o w s s p e c i a l t e r m i n a l s , IBM PCs, o r VT200 (connected t o a VAX) t o
o p e r a t e as 3270 te rm ina ls . The UK has d e v e l o p S i m p l e Screen Mode
P r o t o c o l which a l s o o p e r a t e s o v e r X.29. T h i s a l l o w s a range o f te rm ina ls
t o c o n n e c t t o s p e c i a l boxes and emulate a w i d e r a n g e o f sc reen mode
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t e r m i n a l s . The p r o t o c o l has a l so been implemented on an IBM PC. T h i s
p r o t o c o l a l l ows t h e emulation of many t y p e s of screen mode t e r m i n a l .

The e x t e n t o f t h e r e q u i r e m e n t f o r screen mode s e r v i c e s i s n o t known. The
e f f e c t of sucn serv ices on the per formance of t h e network is n o t known.

Sec t i on 10 - Time scales.

A l l t h e p r o d u c t s r e q u i r e d t o implement the X.25 backbone a r e a v a i l a b l e .
I t i s assumed t h a t b e f o r e a d e c i s i o n t o p r o c e e d i s agreed t h a t t h e
t o p o l o g y, s w i t c h l o c a t i o n s , and swi tch s u p p l i e r w i l l have been decided.
The p r i n c i p l e e v e n t s w i t h r e s p e c t t o a s t a r t d a t e when dec i s i ons have
been agreed and finance is ava i lab le a r e :

- D e c i s i o n t o proceed

- Order sw i tches

( 1 ) (2 )

fe)

0

- Order l i n e between Ruther fo rd and M o n t p e l l i e r 0 (1 )

- O rde r l i n e between Ru the r f o rd and Stockholm ie)

3- E x p e r i m e n t between Ruther fo rd and M o n t p e l l i e r

- S e r v i c e between R u t h e r f o r d , M o n t p e l l i e r and
Stockholm 6

- Convers ion of CERN/Stockholm and CERN/
M o n t p e l l i e r t o X.25 8 (4)

- Convers ion o f i n t e r n a t i o n a l s i t e s and t o p o l o g y
changes 6 onwards

- X.400 o n some i n t e r n a t i o n a l s i t e s 6 onwards

- P r o v i s i o n of RFC822/X.400 gateway 6

- M i g r a t i o n o f n a t i o n a l EARNs 6 onwards

- P r o v i s i o n o f FTAM, JTP, and VTP ' A s a v a i l a b l e

( 1 ) There is a s p a r e p a i r of IBM modems from t h e Rutherford/Dublin l i n k .
Ru the r fo rd i s p r e p a r e d to l o a n EARN modems. E v e n t u a l l y modems w i l l be
r e c o v e r e d from t h e redundant l i n e s . Thus n o modem purchases a r e
e n v i s a g e d un less speeds g r e a t e r than 9.6K a r e r e q u i r e d .

( 2 ) The Stockholm l i n e is dependent on t h e p r o v i s i o n of VTAM, NCP, NPSI ,
and RSCS V2 at Stockholm.

( 3 ) Ru ther fo rd is p r e p a r e d to loan EARN swi tch c a p a c i t y i f t h e d e l i v e r y
o f s w i t c h e s i s d e l a y e d beyond the d e l i v e r y o f t h e l i n e s .

(4 ) The c o n v e r s i o n of t h e CERN/Stockholm and CERN/Montpel l ier l i n e
depends o n t h e p r o v i s i o n o f VTAM, NCP, NPSI, and RSCS V 2 and s u i t a b l e
hardware at CERN.
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The t r a n s i t i o n o f some i n t e r n a t i o n a l nodes a r e l i k e l y t o b e de layed b y
l a c k o f s u i t a b l e hardware and sof tware . The t r a n s i t i o n o f n a t i o n a l p a r t s
of EARN w i l l be dependent on l o c a l c i rcumstances.

The X.400 sys tem to be used i n i t i a l l y w i l l be from He ide lbe rg b u t t h i s
decis ion must b e reviewed a s o the r sys tems become a v a i l a b l e .

X.3, X.28, and X.29 w i l l b e p r o v i d e d a s and when nodes w i s h t o p r o v i d e
them e i t h e r a s PADs o r packe t mode DTEs.

Sect ion 11 - Al ignment w i t h f u n c t i o n a l standards.

The aim o f f unc t i ona l standards i s t o ensure t h a t i m p l e m e n t a t i o n s w i l l
i n te rwork . CEN/CENELEC and CEPT a r e p roduc ing a r a n g e of f u n c t i o n a l
standards which w i l l meet a l l t h e r e q u i r e m e n t s o f EARN. The f u n c t i o n a l
s tandards o f i n t e r e s t a r e :

- T/31. T h i s concerns t r a n s p o r t s e r v i c e ove r X.25 and w i l l s u p p o r t X.400
and FTAM. T h i s work is comple te .

- Y/11 Y/12. T h i s concerns the CCITT recommendations X.3 , X.28, and X.29
f o r PADs and p a c k e t mode DTEs.

- A/312. Th is concerns t h e use of X.400 in a p r i v a t e m a i l domain. The
work i s complete. There are a number o f r e l a t e d f u n c t i o n a l standards
concerned w i t h t h e use of X.400 in p u b l i c ne tworks and f o r v a r i o u s
gateway f u n c t i o n s .

- A/111 t o A/123. These f u n c t i o n a l standards a r e f o r FTAM and t h e work
i s j u s t s t a r t e d . RARE w i l l b e h a v i n g a s t r o n g i n p u t i n t o t h i s a c t i v i t y .

Only the basic v e r s i o n of VIP is complete b u t t h i s p r o v i d e s l i t t l e or no
f u r t h e r f u n c t i o n a l i t y t h a t X.3, X.28, and X.29 p r o v i d e . The more
advanced v e r s i o n i s f a r from s tab le . Thus n o f u n c t i o n a l standards i n
t h i s area expec ted f o r some t ime . There is some p r e s s u r e f o r a
funct iona l standard f o r ISO 6429 over ISO session from the European
commission b u t t h i s w i l l be u n l i k e l y to p r o v i d e t h e screen mode se rv i ces
users would l i k e .

C u r r e n t l y n o p roduc t s conform w i t h t h e f u n c t i o n a l s tanda rds . T h i s
s i t u a t i o n w i l l change as manufacturers and c u s t o m e r s become f a m i l i a r
w i t h them. EARN should a t t e m p t to p r o c u r e conformant p r o d u c t s .

In the s h o r t t e r m n o n conformant sys tems may have to used b u t EARN
should take a l l p o s s i b l e s t e p s t o ensure t h a t t h e s y s t e m s m i g r a t e t o
conform.

It is recommended t h a t :
* EARN a t t e m p t s t o use p r o d u c t s which conform w i t h t h e r e l e v a n t
func t i ona l standards and b r i n g s p r e s s u r e to bear on s u p p l i e r s f o r such
p r o d u c t s .

Sect ion 12 - C o s t s .

D e t a i l e d c o s t s depend on t h e e x a c t equ ipmen t r e q u i r e d and t h e d i s c o u n t s
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t h a t s u p p l i e r s w i l l g i v e .

The f u n d i n g sources a r e a m a t t e r f o r t he EARN Board o f D i r e c t o r s .

1 Swi tches.

A survey of manufacturers suggests t h a t s u i t a b l e swi tches can be
obtained f o r 10,000 UKL making 40,000 UKL in t o t a l . See annex 1 and 2.

2 L ine costs .

The eventua l l i n e charges should be l e s s t h a n t h e c u r r e n t ones as t h e
topo logy expec ted is near o p t i m a l f rom t h e s t u d i e s c a r r i e d o u t by IBM
and D . L o r d (annex 4 and the ‘ fi n a n c i n g o f EARN i n 1988 ' ) . Each l i n e
r e l o c a t e d w i l l i n c u r a n i n s t a l l a t i o n c h a r g e es t imated a t 2 ,000 UKL.
There w i l l b e a n o v e r l a p o f l i n e s which depends o n t h e o v e r l a p t i m e and
is est imated at 3,000 UKL.

3 Hardware and software c o s t s .

I t i s n o t p o s s i b l e t o es t imate t h e c o s t o f IBM hardware and s o f t w a r e a s
these depend on l o c a l d iscounts .

4 National costs.

I t i s expected tha t any cos ts incur red beyond the X.25 i n t e r n a t i o n a l
i n f r a s t r u c t u r e ( t he f o u r sw i t ches ) , some l i n e c o s t s , and p o s s i b l e some
cos ts associated w i t h the in te rna t iona l nodes w i l l be met n a t i o n a l l y .
These c o s t s may inc lude na t i ona l X.25 s w i t c h e s , f u r t h e r hardware and
s o f t w a r e o n n a t i o n a l node, a n d a n y l i n e c o s t s .

5 Management.

As w i t h the c u r r e n t EARN network manpower w i l l be r e q u i r e d f o r t he
management o f t h e X.25 i n f r a s t r u c t u r e . I t i s reasonable f o r t h i s t o b e
met c e n t r a l l y . I f the management a l s o l o o k s a f t e r n a t i o n a l p a r t s o f EARN
t h e n a c o n t r i b u t i o n would b e expected f r o m t h a t c o u n t r y . Some e f f o r t
wou ld b e needed d u r i n g t h e s e t t i n g u p o f t h e i n f r a s t r u c t u r e est imated a t
two man months. Runn ing e f f o r t would be about one man month a y e a r
a s s u m i n g t h a t t h e i n t e r n a t i o n a l i n f r a s t r u c t u r e remained f a i r l y s t a t i c
and t h a t t h e equipment and l i n e s were n o t u n d u l y u n r e l i a b l e .

S e c t i o n 1 3 - Network l e v e l a d d r e s s i n g

The ISO network s e r v i c e is d e fi n e d in IS 8348. The n e t w o r k l a y e r is
above t h e X.25 p a c k e t l a y e r and below t r a n s p o r t l a y e r . I t p r o v i d e s a n
end to end s e r v i c e across a concatenated s e t of X.25 networks . T h i s is
a c h i e v e d b y t h e u s e o f a ‘ n e t w o r k s e r v i c e a c c e s s p o i n t ’ (NSAP) a d d r e s s
w h i c h d e fi n e s t h e remote e n t i t y . The NSAP address can b e r e g a r d e d a s 4
g l o b a l address. In the case of an X.25 network t h e NSAP address is
c a r r i e d in t h e ‘extended address' which is an ‘ o p t i o n a l u s e r f a c i l i t y '
in t h e CCITT X.25 (1984) recommendations.
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EARN e x p e c t s to be connected to o t h e r X.25 networks w i t h d i f f e r e n t
address schemes and must decide what NSAP address scheme to use.

The NSAP address is 40 decimal d i g i t s or b i n a r y fi e l d s . Since it is more
convenient t o 'name' e n t i t i e s a name r e g i s t r a t i o n mechanism w i l l b e
needed to define the mapping. Users on o the r networks w i l l have to have
access to the mappings as w e l l as EARN h a v i n g access to t h e i r s ’ if
e n t i t i e s are t o b e known u n i v e r s a l l y b y names r a t h e r than t h e 4 0 decimal
d i g i t s which may a lso be more l i a b l e to change.

EARN w i l l n o t o n l y have to deal w i t h i t s own NSAP addresses b u t a l so
those of o t h e r networks to enable such t r a f fi c to be d i r e c t e d to t h e
c o r r e c t gateways. The d i f fi c u l t y , o r o therw ise , o f t h i s w i l l depend o n
t h e schemes chosen b y the networks and c u r r e n t l y o n l y JANET has proposed
a schene.

The OSI NSAP address ing scheme d e fi n e s a number of a l l o c a t i o n schemes
f o r a s e t o f h i e r a r c h i c a l nested r e g i s t r a t i o n bod ies . A n NSAP
address s t a r t s w i t h an i n i t i a l domain p a r t ( ISP) fo l lowed by a domain
s p e c i fi c p a r t (DSP). The ISP i s f u r t h e r d i v i d e d i n t o a n a u t h o r i t y and
format i d e n t i fi e r (AFI) and i n i t i a l domain i d e n t i fi e r ( I D I ) . There a r e
AFIs f o r v a r i o u s PTT network t y p e s (X.121, PSTN, Te l e x , ISDN, e t c ) and
f o r ISO network independent schemes. The network independent schemes are
the ISO-DCC scheme, which names n a t i o n a l r e g i s t r a t i o n a u t h o r i t i e s , and
the IS0-6523-ICD scheme, which names in te rna t i ona l o r g a n i s a t i o n s and
a u t h o r i t i e s .

The network independent schemes a r e p r e f e r r e d as t h e y a re n o t t i e d to
any p a r t i c u l a r network t y p e and a r e t h u s p o t e n t i a l l y more s t a b l e . No te
t h a t t h i s t y p e of scheme has been adopted by JANET.

I t i s unc lear whether EARN should rega rd i t s e l f a s a n i n t e r n a t i o n a l
o r g a n i s a t i o n and come under t h e ISO-6523-ICD scheme o r a s e t o f n a t i o n a l
o r g a n i s a t i o n s and b e reg is te red w i t h o r a longs ide o the r n a t i o n a l
networks. There appear to be three o p t i o n s :

- L i k e the UK, each nat iona l academic community w i l l seek r e g i s t r a t i o n
and t h a t EARN w i l l use such r e g i s t r a t i o n s i n c o l l a b o r a t i o n w i t h t h e
co mmu n i t y. Thus EARN would seek n o independent r e g i s t r a t i o n s . O n a
p a r t i c u l a r e n t i t y t h e r e may b e a m b i g u i t y a s t o w h i c h r o u t e s p e c i fi c
t r a f fi c should f o l l o w , f o r example, EARN or t h e p u b l i c ne twork .

- EARN should seek r e g i s t r a t i o n s w i t h i n each c o u n t r y . Th is would have
t h e cons iderab le d isadvantage t h a t a machine connected to a n a t i o n a l
ne two rk and EARN would have two NSAP addresses. There would be no
a m b i g u i t y w i t h r o u t i n g . EARN would have to admin i s te r these
r e g i s t r a t i o n s .

~ EARN shou ld seek i n t e r n a t i o n a l r e g i s t r a t i o n . There w i l l b e a m b i g u i t y
w i t h machines connected to EARN and o t h e r networks . EARN would have to
a d m i n i s t e r t h e r e g i s t r a t i o n .

C u r r e n t o p i n i o n i s t h a t t h e EARN in te rna t i ona l X.25 i n f r a s t r u c t u r e i s
l i k e l y t o deve lop i n t o a n o v e r l a y ne twork between n a t i o n a l networks
wh ich would favou r t h e fi r s t o p t i o n .

34



If ISQO-DCC is fo l lowed t h e fo rmat of t h e NSAP w i l l b e :

owe e w w w w w w w w e w w w e e w e e r e e o o r e e s eesespew e m w o e s e e e c c e s c e = = +

| DIP | DSP
G o e e e e w s n e poem m mw w w w e n w e w e e w s e e n ‐ - = +

| AFI | I D I |
t oe e e e o e = Goo e m e n o n e e $ e e r r e r e e r e r e c e p e e w e ereser o e e o o o o r - = +

ISO DCC |Country A l l o c a t e d b y { F o r a l l o c a t i o n b y
AFI i d e n t i fi e r |National customer
(38) ISO 3166 |Admin is t ra t ion

$ ee e n n w n c e p o e m e n n o o n e$ e e w w e w w w o e e c e $ e e w e w w w e w e n e o e n e e = = +

The t h e case of the UK t h e NSAP w i l l b e :

38 826 1100 DSP

where 826 i s the U K ISO 3166 code and 1100 has been a l l o c a t e d t o JANET
b y t h e B r i t i s h Standards I n s t i t u t e .

The format of the DSP has been decided w i t h i n JANET b u t each c o u n t r y
w i l l have to consider i t s own schemes or RARE may p r o v i d e
recommendations.

The NSAP should conta in t h e DTE address o f t h e EARN e n t i t y o r p o s s i b l e
t h e DTE of a l o c a l area network t h e e n t i t y is at tached to so a l l o w i n g
a l g o r i t h m i c ex t rac t ion o f the DTE address.

I t i s u n c l e a r what f a c i l i t i e s s u p p l i e r s w i l l p r o v i d e i n t h e i r p r o d u c t s .

It is recommended t h a t :
* t h a t EARN w i l l use the NSAP scheme selected by the n a t i o n a l academic
communit ies.
® f a i l i n g n a t i o n a l schemes EARN w i l l u s e t h e ISO-DCC scheme p e n d i n g
n a t i o n a l decis ions.
* EARN w i l l s t u d y the o p t i o n s f o r t he DSP where there a r e n o n a t i o n a l
schemes.
* manufac turers p l ans f o r NSAP a d d r e s s i n g should be determined.

S e c t i o n 1 4 - M a i l a d d r e s s i n g .

EARN has connect ions to several networks p r o v i d i n g e l e c t r o n i c m a i l u s i n g
v a r i o u s p r o t o c o l s and v a r i o u s a d d r e s s i n g schemes. I m p o r t a n t
r e p r e s e n t a t i v e s a r e ARPA, JANET, UUCP and EARN which u s e v a r i a n t s o f t h e
RFC822 p r o t o c o l and EAN u s i n g a v a r i a n t o f X.400. F u r t h e r X.400 networks
can b e expec ted soon i n c l u d i n g EARN.

Users r e q u i r e m a i l exchange between c u r r e n t EARN s y s t e m s , f u t u r e EARN
X.400 s y s t e m s and sys tems accessible v i a ga teways . T h i s i n v o l v e s f o u r
p ro toco l /add ress schemes:

- T h e n a t i v e IBM NJE a d d r e s s i n g u s e d i n EARN

- I n t e r n e t domain s t y l e a d d r e s s i n g used i n EARN

~ X.400 a d d r e s s i n g
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- Other schemes used in academic networks

1 EARN.

The n a t i v e IBM NJE-RSCS address scheme used in the IBM systems is the
RSCS ‘ s p o o l tags ' or MVS 'destination/subdestination’. It c o n s i s t s of an
8 b y t e ‘use r i d e n t i fi e r ’ and a n 8 b y t e ‘node i d e n t i fi e r ’ . The RFC822
m a i l s y s t e m used w i t h i n EARN uses these 8 b y t e p a i r s a s the RFC822
addresses of the form ‘ u s e r identifier'@'node i d e n t i fi e r ’ . M a i l may be
generated by the user e i t h e r by t h e use of an e d i t o r or one of the
severa l m a i l programs or sys tems .

Many s i t e s o p e r a t e m a i l u s e r agents , f o r example the Crosswe l l m a i l e r .
These are a lso capable o f u t i l i s i n g the 8 b y t e ‘ u s e r i d e n t i fi e r ' and
"node i d e n t i fi e r ' p a i r s . I n a d d i t i o n these sys tems can (gene ra l l y ) dea l
w i t h ‘ i n t e r n e t domain addresses’. The i n t e r n e t domain address scheme is
based o n a h i e r a r c h i c a l m a i l address. They p r o v i d e a n address scheme f o r
a s e t of concatenated networks . The scheme is used in a number of
networks w i t h which EARN and BITNET have connec t ions . The t o p l e v e l
domains have tended t o b e l a r g e o r g a n i s a t i o n s i n t h e s t a t e s , such a s EDU
or BITNET, whereas in Europe the ISO 3166 two charac te r c o u n t r y codes
a r e favoured. The second and subsequent l e v e l s a r e at t he d i s c r e t i o n of
t he o r g a n i s a t i o n ‘owning ’ t he t o p l e v e l domain. F o r example,
CAMBRIDGE.AC.GB cou ld be the address of some f a c i l i t y in Cambridge which
is w i t h i n the academic community which is w i t h i n Great B r i t a i n .

There a r e c o n fl i c t s w i t h domain addresses i n t h a t a n address may b e
reachable v i a severa l . rou tes o r no r o u t e s . F o r example,
name@VAX1.CAMBRIDGE.AC.GB generated in domain EDU, s a y , may a r r i v e v i a :

- The Wisconsin (ARPA to BITNET) and Ruther fo rd (EARN to JANET)
gateways.

- The P i s a (ARPA t o EARN) and R u t h e r f o r d (EARN t o JANET) g a t e w a y s .

- The U n i v e r s i t y C o l l e g e London (ARPA t o JANET) g a t e w a y.

The p rob lem can b e overcome b y t h e use o f ‘source r o u t i n g ’ . T h i s
r e q u i r e s t h e u s e r to have knowledge of t h e r o u t e t h e m a i l is to t a k e .
The use of such r o u t i n g is discouraged and n o t u n i v e r s a l l y s u p p o r t e d .

I n some cases a c o u n t r y may b e i n severa l d i s j o i n t m a i l sys tems and o n l y
p a r t i c u l a r r o u t e s w i l l be success fu l . F o r example, name@BONN.GMD.DE may
be access ib le v i a EARN b u t n o t DFN. The b a s i s o f domain names i s in RFC
920. RFC997 defines t h e i n t e r n e t address ing r u l e s .

I t would b e p o s s i b l e t o r e g i s t e r t h e address o f a l l e n t i t i e s c e n t r a l l y
b u t t h i s i s u n l i k e l y i n v iew o f t h e i r l a r g e number. I t i s more l i k e l y t o
be done on a p e r domain b a s i s .

2 X.400.

X.400 a d d r e s s i n g i s based o n O R ( O r i g i n a t o r / R e c i p i e n t ) names. A name
c o n s i s t s o f a number o f ‘ a t t r i b u t e s ’ . The r e g i s t r a t i o n o f O Rnames o r
p a r t s o f them i s u n c l e a r . I n some c o u n t r i e s i t i s e x p e c t e d t h a t t h i s
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w i l l be organised by government agenc ies . The a t t r i b u t e s a r e :

- CountryName. The f a i r l y reasonable assumpt ion is t h a t a g i v e n mailbox
w i l l r e s i d e in a s i n g l e c o u n t r y . CCITT recommends t h a t t h i s shou ld be
t h e X.121 code or t h e ISO 3166 two character c o u n t r y code.

- AdministrativeDomainName. A c o u n t r y may have a number of s u p p l i e r s of
p u b l i c ma i l box f a c i l i t i e s , such a s TELEBOX i n Germany, which w i l l each
have a u n i q u e name. Thus m a i l can i n p r i n c i p l e fl o w between v a r i o u s
systems r u n by the administrations.

- PrivateDomainName. An organ isa t ion , f o r example JANET, may w ish to s e t
u p a p r i v a t e m a i l s y s t e n .

- O r g a n i s a t i o n Name. N o r m a l l y t h e name o f t h e o r g a n i s a t i o n . F o r example
‘S iemens ’ .

- F u r t h e r fi e l d s d e fi n e a Organ iza t i ona lUn i t and t h e a c t u a l name o f a
p e r s o n which do n o t concern t h i s d iscuss ion.

CCITT c l a i m t h a t C o u n t r y and AdministarationDomainName are manda to ry.
The i m p l i c a t i o n o f t h i s i s t h a t PTTs e x p e c t m a i l p a s s i n g between p r i v a t e
m a i l domains is expected to pass th rough a p u b l i c one. Some commentators
b e l i e v e t h a t such an a c t i v i t y is un-enforceable b o t h p r a c t i c a l l y and
l e g a l l y . F o r example, i t does n o t seem p o s s i b l e t o l e g a l l y d i f f e r e n t i a t e
between m a i l and o t h e r d a t a t r a f fi c .

ISO r e g a r d bo th PrivateDomainName and Administrativedomainname as
o p t i o n a l . T h i s recogn i ses t h a t p r i v a t e m a i l domains may i n t e r c o n n e c t
d i r e c t l y b u t s t i l l r e c o g n i s i n g the p o s s i b i l i t y o f p u b l i c s u p p l i e r s
p r o v i d i n g the in te rconnec t ion between p r i v a t e m a i l s y s t e m s i f wanted.

A n EARN X400 s e r v i c e may take a number o f o p t i o n s :

- I g n o r e o t h e r a c t i v i t i e s and d e fi n e a scheme most c o n v e n i e n t t o EARN.
F o r examp le , d e fi n e a PrivateDomainName of EARN and a l l o c a t e an
Organizat ionName to each s i t e . T h i s s t r a t e g y w i l l r e q u i r e complex
ga teways between t h e EARN X.400 se rv i ce and o t h e r ones . Many u s e r s may
have d i f f e r e n t names depending o n where m a i l i s coming from which w i l l
c r e a t e cons iderab le confus ion.

- Fol low t h e s t r a t e g y taken i n each c o u n t r y . The p r i n c i p l e advantage i s
t h a t n o a p p l i c a t i o n l e v e l r e l a y would b e r e q u i r e d t o t h e X.400 academic
s e r v i c e s p r o v i d e d by any n a t i o n a l academic m a i l s e r v i c e . The d i sadvan tage
w i l l b e t h a t EARN may have t o p r o v i d e i t s own r e l a y s between i t s v a r i o u s
n a t i o n a l c o m p o n e n t s . F o r t u n a t e l y i t i s h i g h l y l i k e l y t h a t RARE w i l l
recommend t h e form of names f o r use w i t h i n Europe which w i l l r e m o v e ,
h o p e f u l l y , t h e need f o r EARN r e l a y s .

It is u n c l e a r what name s t r u c t u r e w i l l be recommended by RARE. There is
some p r e s s u r e f o r t h e c o u n t r y name t o b e l o n g e r than two c h a r a c t e r s
( a g a i n s t CCITT Recommenda t ions ) . However t h e r e is some a g r e e m e n t t h a t
t h e X.121 codes shou ld n o t b e used . I t i s u n c l e a r whether t h e
AdministrativeDomainName w i l l be used and if used wh ich one of t h e
s e v e r a l r e g i s t e r e d i n a c o u n t r y w i l l b e used.

The PrivateDomainName may be a l l o c a t e d on a p e r s i t e b a s i s in some
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count r ies (Germany) wh i le in others the academic community i s expec ted
to have a s i n g l e name f o r the communi ty and f o r an OrganizationName to
b e a l l o c a t e d t o a s i t e .

Tempora ry n o t e - The au thor has n o t been r e a d i n g t h e l a t e s t documents
from t h e r e l e v a n t RARE w o r k i n g p a r t y and t h e above comments may b e o u t
o f  d a t e .

3 C o n v e r t i n g r e l a y s between RFC822 and X.400.

EARN w i l l r e q u i r e a r e l a y between RFC822 and X.400. Recommendations a r e
needed f o r t h e address mappings which may b e d i f f e r e n t i n d i f f e r e n t
c o u n t r i e s b u t should f o l l o w RFC 987.

I f EARN were t o use domain a d d r e s s i n g t h e n i t would b e p o s s i b l e t o
f o l l o w t h e recommendations in RFC 987 which defines how an RFC822 to
X.400 shou ld o p e r a t e . I t would n o t b e p o s s i b l e f o r m a i l based o n t h e
EARN 8 b y t e ‘ u s e r i d e n t i fi e r ’ and ‘node i d e n t i fi e r s ’ t o pass t h r o u g h a
r e l a y t o X.400. I t would b e p o s s i b l e f o r X.400 m a i l t o pass t h r o u g h a
r e l a y and t o s i t e s o n l y a c c e p t i n g t h e 8 b y t e fo rm. T h i s would b e
undes i rab le in t h e i n t e r e s t s of a c o n s i s t e n t address s t r a t e g y .

The k e y document f o r t h e p r o d u c t i o n o f a n RFC822 t o X.400 g a t e w a y i s i n
RFC987. The fi e l d s o f t h e X.400 name a r e mapped to t h e componen ts o f an
RFC822 name. The RFC987 assumes t h a t t h e RFC822 name f o l l o w s the DARPA
domain recommendations.

Domain add ress ing w i t h RFC822 (see RFC920) demands t h a t a m a i l box has a
u n i q u e name and address. The address has a h i e r a r c h i c a l form s o t h a t
addresses can b e selected a t a p a r t i c u l a r l e v e l w i t h o u t re fe rence t o
o t h e r p a r t s o f the s t r u c t u r e wh i l e s t i l l m a i n t a i n i n g u n i q u e n e s s .

The t o p l e v e l is n o r m a l l y a c o u n t r y code and it is recommended t h a t t h i s
i s t h e two c h a r a c t e r ISO 3166 code. The s t r u c t u r e below t h e c o u n t r y code
i s a t t h e d i s c r e t i o n o f t h e ‘owner' o f t h e c o u n t r y code. I n g e n e r a l t h i s
would take t h e form o f a n o r g a n i s a t i o n such a s a n academic c o m m u n i t y. A t
t h e n e x t l e v e l t h e r e would b e a s i t e name. A t t h e b o t t o m l e v e l t h e name
of a machine. However there is considerable fl e x i b i l i t y at t h e lower
l e v e l s . The name and address are separa ted by '@' and t h e domain
componen ts b y ' . ' . The most s i g n i fi c a n t p a r t o f t h e address comes l a s t .
A t y p i c a l name and address would b e :

P.Bryant@IBM-B.Rutherford.AC.GB

It is u n c l e a r what t h e e x a c t form of RFC822 and X.400 addresses w i l l be
w i t h i n Europe. I t i s f a i r l y c e r t a i n t h a t t h e c o u n t r y code in X.400 and
in RFC822 w i l l be the two charac te r ISO 3166 one.

I t shou ld b e added t h a t t h e a d o p t i o n o f domain a d d r e s s i n g w i l l a l l o w a
much more fl e x i b l e m a i l s e r v i c e i n t h a t i t w i l l n o l o n g e r b e n e c e s s a r y
f o r each s i t e to have a reco rd of t h e u n i v e r s e of m a i l addresses w i t h i n
EARN.

Some m i n o r developments w i t h i n t h e m a i l e r may be needed.

The ISO 3166 European two charac te r codes a r e :
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A u s t r i a AT
Belg ium BE
Denmark DK
E i r e I E
Fin land FI
France FR
Germany DE
Greece GR
I s r a e l I L
I t a l y I T
I v o r y Coast c I
Luxemburg LU
N e t h e r l a n d s  N L
Norway NO
P o r t u g a l P T
S p a i n E S
Sweden SE
S w i t z e r l a n d  C H

The RFC822 m a i l sys tems would r e q u i r e r a t h e r more ex tens i ve t a b l e s s i n c e
t h e y would have t o know about each RFC822 t o X.400 g a t e w a y and which
addresses should be s e n t to i t . F o r example it is l i k e l y t h a t a l l
addresses e n d i n g in AC.UK would go to a s i n g l e g a t e w a y. In Germany there
is expec ted to be many PrivateDomainNames and m a i l would be d i r e c t e d to
one o r more g a t e w a y s . T h i s s i t u a t i o n may become more complex i f
c o u n t r i e s decide o n a wide v a r i e t y o f i n t e r p r e t a t i o n s o f t h e X.400 O R
name. Th i s re in fo rces the u r g e n t need f o r EARN recommendations f o r m a i l
add ress ing and address mapping.

It is l i k e l y t h a t nodes w i l l be members of EARN as w e l l as o t h e r
networks . I d e a l l y t h e address of an e n t i t y shou ld be t h e same f o r a l l
t he networks connected t o . T h i s i m p l i e s t h a t EARN should make an a t t e m p t
t o u s e a n y address scheme d e c i d e d o n w i t h i n t h e academic c o m m u n i t y o f a
c o u n t r y . T h i s shou ld p r e s e n t few prob lems a s i t i s e x p e c t e d t h a t RARE
w i l l p r o v i d e recommendations. Thus each c o u n t r y mus t d i s c u s s t h e i r X.400
address ing w i t h RARE.

The conc lus ion is t h a t RFC822 m a i l w i t h i n EARN should a d o p t domain
address ing . T h i s w i l l i n v o l v e a r a d i c a l change in EARN m a i l . I t w i l l
cause d i f fi c u l t i e s w i t h s i t e s n o t o p e r a t i n g m a i l s y s t e m s . There i s
t h e r e f o r e a n u r g e n t need t o encourage a l l s i t e s t o o p e r a t e m a i l sys tems
and t o use domain a d d r e s s i n g a s soon a s p o s s i b l e .

The EARN m a i l s y s t e m s would have to be a d a p t e d to d e a l w i t h addresses in
a g i v e n domain some of which are in EARN and some wh ich may n o t . The
Crosswel l m a i l e r i s capab le o f t h i s b u t a s t u d y o f o t h e r m a i l s y s t e m s is
r e q u i r e d .

It is recommended t h a t :
* EARN RFC822 a d d r e s s i n g a d o p t s domain a d d r e s s i n g w i t h t h e t o p l e v e l
b e i n g t h e ISO 3166 t w o c h a r a c t e r code. The r e s t o f t h e domain s t r u c t u r e
i s f o r a n a t i o n a l d e c i s i o n based o n t h e f o r m t h a t t h e X.400 O R names
take i n t h a t c o u n t r y .
* p r e s s u r e i s b r o u g h t o n a l l s i t e s w i t h i n EARN t o o p e r a t e m a i l s e r v i c e s
and f o r t h e above recommendations to be f o l l o w e d .
* a f u l l s p e c i fi c a t i o n o f p roposed EARN RFC822 m a i l s e r v i c e should b e
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drawn u p .
.* the v a r i o u s m a i l s y s t e m s shou ld be s t u d i e d to determine if any
developments a r e r e q u i r e d .

Sect ion 1 5 - D e fi n i t i o n s .

Product - any p r o t o c o l imp lemen ta t i on r a t h e r than t h e IBM s p e c i fi c
meaning o f a n IBM s t r a t e g i c p r o d u c t . Where n e c e s s a r y i t i s q u a l i fi e d b y
terms such a s ‘ e x p e r i m e n t a l ’ , ' p i l o t ' , o r ‘ s u p p o r t e d .

Relay ~ - a mechanism whereby a fi l e i s comp le te l y rece i ved a t some p o i n t
between a o r i g i n a t o r and a r e c e i v e r before b e i n g r e s e n t towards t h e
r e c e i v e r . Fo r example, i n an IBM NJE network eve ry in te rmed ia te node
a c t s a r e l a y .

C o n v e r t i n g r e l a y - a r e l a y which undertakes a p r o t o c o l c o n v e r s i o n . F o r
example, t h e ga teway between EARN and JANET r e l a y s fi l e t r a n s f e r s and
a l s o conver t s between IBM NJE and Blue Book fi l e t r a n s f e r .

Gateway - a mechanism t h r o u g h which a n end t o end c o n n e c t i o n may b e made
and wh ich may under take some address m a n i p u l a t i o n , a u t h o r i s a t i o n ,
a c c o u n t i n g o r s i m i l a r f u n c t i o n s . For example , where t w o X.25 networks
c o n n e c t a g a t e w a y would b e r e q u i r e d t o so l ve address c o n fl i c t s between
the two networks.

C o n v e r t i n g g a t e w a y - a g a t e w a y where a p r o t o c o l c o n v e r s i o n takes p l a c e .
For example t h e GIFT machine p r o v i d e s a c o n v e r t i n g g a t e w a y between Blue
Book fi l e t r a n s f e r , DECNET, and CERNET fi l e t r a n s f e r .

Sec t i on 16 - References.

The CEN/CENELEC CEPT f u n c t i o n a l standards a r e : ‑

PrENV 4 1 104 T/31 Tr a n s p o r t s e r v i c e over X.25
PrENV 41 201 A/3211 MHS-UA+MTA: PRMD-PRMD (P2+P1)

A/323 MHS~(Intra-PRMD) (P2+P1*)
A/325 Mai lbox Serv ice Access (P7)
A/111 S i m p l e F i l e Tr a n s f e r
A/112 P o s i t i o n a l F i l e Tr a n s f e r
A/113 F u l l F i l e Trans fe r
A/122 Pos i t i ona l F i l e Access
A/13 F i l e S to re Management

PrENV 41 901 Y/11 Y/12 X . 3 , X.28, and X.29

Note- I t e m s w i t h n o Prenv numbers a r e n o t a v a i l a b l e b u t a r e c u r r e n t l y o f
s e c o n d a r y i n t e r e s t .

ARPA RFC re fe rences :

D H C r o c x e r , S tandard of t h e Format of ARPA I n t e r n e t Te x t Messages, RFC
822, A u g u s t 1982.

J P o s t e i and J R e y n o l d s , Domain Requ i rements , RFC 920 ,
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Annex|

EDINBURGH REGIONAL COMPUTING CENTRE

COMMUNICATIONS GROUP

X.25 Packet Bwitch Survey

1ST STAGE REPORT

1. General

A tota l of t w e n t y four manufacturers have been a p p r o a c h e d to determine w h a t
X.25 p a c k e t switch e q u i p m e n t they sold and to do a brief examination into whether
the e q u i p m e n t would be suitable for use in t h e Academic Community.

Of par t i cu la r interest were those manufacturers w h o could p r o v i d e equ ipmen t of
g r e a t e r connect iv i ty and capaci ty than the existing GEC 4190 and those w h o sell very
small switches. . .

2. Products

The fol lowing s y s t e m s we found to be current ly marketed:

Amdahl: BBN: B T: Camtec: DCA:
D y n a t e c h : GEC: I PA C : Memotec: M o t o r o l a :
N o r t h e r n Telecom: P l e s s e y : SESA: S t e :©
Te l e fi l e : Te l e m a t i c s : Thorn-Er icsson.

The fol lowing companies were a p p r o a c h e d b u t d o no t offer a distinct s w i t c h a t th i s
time:

CASE: L o g i c a : T i m e p l e x ( PA D s o n l y ) :
J a g u a r : G a n d a l f (PADs o n l y ) : N o r s k D a t a .

In addition to the above list XTEC, cur rent ly sell ing PADs, a im to sell a sw i t ch s h o r t l y
but no details can be obtained ye t . IAL (part of STC/ICL) sel l a swi tch b u t it is m a d e
by Telemat ics.

SESA have been app roached more than once bu t have n o t sen t any detai ls.

3. Basis of Comparison

The basis of c o m p a r i s o n for the alternative s y s t e m s has been the JNT X 2 5 swi tch
spec ifica t ion , expanded to include a sw i t ch w i th 10 p o r t s (one a t 48 kb /s ) and a swi tch
of 100 p o r t s (8 at 48 kb/s) . The pr i ces which have been obtained are f o r o n e - o f f
s y s t e m s and the th roughpu t figure has been adjusted where necessary to use t h e



same meaning as in the JNT specificat ion.

4. Results

For each of the available p r o d u c t s a summary of t h e m a i n features. In addit ion to
these summaries t w o tables Nave been included. the first shows t h e a p p r o x i m a t e c o s t
o f each s y s t e m and the second gives a one line c o m m e n t o n t h e p r o d u c t . A
summary has n o t been prepared for either GEC or Camtec as i t was felt that their
p roduc ts were well known within the Academic Community.

5. Confidentiality

The on ly confidential details in this r e p o r t one the specific c o s t of t h e Telematics
p r o d u c t which were q u o t e d b y ICL

6. Short List ‑

Apart from GEC and Camtec who wil l be used as a ‘benchmark’ to gauge the other
products it is recommended that the fo l lowing are investigated in more detai l : ‑

1. Telematics: as they produce an attractive produc t in al l p a r t s of
the size s p e c t r u m .

2. Amdaht: as an alternative large switch.

3. Dynatech: as a main line supplier of small switches.

4. Telefile: as an alternative small to medium switch.

B. Gilmore
O c t 1985.



Summary

Amdahl : Cost is rather nigh.

BBN : Addressing p r o b i e m s and s e p a r a t e NOC requ i red .

BT : Packet r a t e is very low.

DCA : Restriction on n u m b e r of virtual calls per link.

Dynatech : Proposed for snort I:sting.

IPAC : Only 9.6 kb /s lines suopor ted .

Memotec : Configurat ion is t o c restrictive.

Motorola : Cost per line is very expensive

Northern
Telecom : Basic cos t of a s w i t h is t o o high.

Plessey : Performance doesn’t reach the JNT spec.

SESA : No information received.

SIEMENS : Addressing anc throughput probiems.

sTc : Initial cost is toc nigh.

Telefile : Proposed f o r s h o x l ist ing.

Telematics: Proposed for s f s r t l ist ing.

Thorn
“Ericsson: Cost is t o o high.
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AMDAHL

1. General

Amaahi supply a wide range o f X25 e q u i p m e n t w h i ch can b e p u t together t o

p r o v i d e ext remely large ‘ n e t w o r k s . The e q u i p m e n t is based on a mult i -micro
processor architecture and although no s t o r e sizes are q u o t e d it is stated that the
largest switch can handle 2000 simultaneous calls, expandab le to 600C calls.

2. Configuration Options

There is a Network Concen t ra to r, called t h e 4415: w h i c h can s u p p o r up to 40
links. The main switch called tne 4410 Ser ies, can sppom more t h a n 100 links and i ts
power can be expanded by the addidition of t w o extra Processor Units and an optional!
accelerator unit.

3. Line Speeds/nterface Options

The 4415 suppor ts only V24 at speeds up to 19.2 k b / s , the 4410 supporns V24 and
V35 at speeds up to 64 kb/s.

4. Throughput

The 4415 has a maximum packet rate of 60 packets/sec, the 4410 has a basic ra te
of 450 packets/sec upgradable to 1,350 packets/sec.

5. Costs

The 4415 configured with 24 links (the first configurable size above 18 links) costs
£18,000. However, the 4415 requires a Network Administrator to control it (at a cos t
o f £36 K). One would suffice for all universities al though operat iona l ly this would n o t
be pract icable. A 4415 Network Administrator cannot be used to contro l or manage a
4410.

The 4410 costs a basic £80,000. In addition a 9.6 kb/s interface cos ts € 1000 with
a 48 kb/s interface costing £2000.

4410: 4 8 l i n e s - £ 1 3 2 , 0 0 0
100 l i n e s - £ 1 8 8 , 0 0 0

6. Muhinode Networks

The switch is designed to fit in a la rge mult inode n e t w o r k and uses a modified
x.25 to communica te b e t w e e n t h e s w i t c n e s .



7. Addressing

Al though a line wou ld n o r m a l l y have a singie address. o t h e r mechanisms are
available to achieve the desi red flex ib i l i t y.

8. Network Management

Comprehensive.

9. Operator Contro!

Comprehensive facilities are available.

10. Summary .. ‑

The 4415 is t o o expens ive because of the need for s e p e r a t e network management.

The 4410 would be a feasible ‘ t o p end’ swi tch but the cos t is rather on the high
side.



BBN

1. General

BBN offer a range of X.25 networking p r o d u c t s tha t form either entire n e t w o r k s or
networks wi th value added services such as electronic mail. The range of p r o d u c t s
include s w i t c h e s , pads. Network Operation Centres, service hosts and network
authorisat ion machines.

The switch equ ipmen t i s based on a mic rop rocessor designed and bui l t by BBN.
Connection to pub l i c data networks is normal ly done via a Dynatech g a t e w a y machine.

The largest switch has 1/2 Mbyte of memory and can s u p p o r t 1000 simultaneous
calls. A MTBF of 8000 hours is stated for the C30. A maximum p a c k e t size of 1024 is
supported. 7 o>

2. Configuration Opt ions ; ~

Two different switches are supplied, the C30 a n d t h e C300. The C30 wi l l s u p p o r t a
total of 44 l inks, of which up to 14 can be inter-network links. The C300 s u p p o r t s up
to 64 links of which 14 can be inter-network links. The minimum size in both cases is
8 l ines, expandable in groups of 8.

3. Line Speeds/interface Options

Line speeds of up to 64 kb/s are supported using V24, V35 and RS449. Up to 32
links running a t speeds greater than 19.2 kb/s can b e s u p p o r t e d p e r switch.

4. Throughput

For inter-site traffic (DTE-OTE) the C30 has a maximum t h r o u g h p u t of 200 pk ts /sec
(400 data pkt), the C300 has a throughput of 450 pkts /sec . For DTE-trunk traffic the
th roughpu t i s halved.

5. Costs

The C30 c o s t s from £60 - 80K
The C300 c o s t s from £80 - 100K

6. Multinode Networks

The swi tches are des igned to o p e r a t e in a@mul t inode n e t w o r k and t h e y use a
pr ivate datagram pro toco l between the switches.



7. Addressing/Routing

There are two forms of address. a phys ica l acdress and a log ica l address. The
logical address can b e used t o form l ink grouss o ° g ive a p a r t i c u l a r OTE a range o f
addresses over m u l t i p i e switches 83N have c h o s e n to use the 5th o c t e t of tne X.121
address but to distinguisn between the t w o forms. This w o u l d mean conflict w i th our
cu r ren t addressing s t ra tegy.

Routing is achieved by dynamic load baiancing on a per packet basis.

8. Network Management

Network Management is per formed by a Network Operat ions Centre.

9. Operator Control - ‑

Operator control is also performed by t h e NOC and t h e facilities appear to be fairly
comprehens i ve .

10. Conection to PSS .

BBN recommend the Dynatech ‘Adress Translator to coup le BBN and Public Data
Networks.

11. Summary

The need for a NOC, the restriction in addressing, the low packet throughput
c o u p l e d w i t h the problems of at taching to Public Data Networks rule o u t t h e use of
this equipment fo r campus networks.



B.T.

1. General!

BT sell small X.25 switches under the name Packet NetMux: th is is a 280 based
s y s t e m with a maximum 40 Kbytes of store.

2. Configuration Options

Packet NetMux can be configured with up to 7 X.25 links.

3. Line SpeedsAnterface Options

Line Speeds o f up to 48 kd/s can be suppor ted (at least on a hardware level)
support ing V24 or V35. ‑

4. Throughput

The maximum packet r a t e is 16 packets/sec. When BT were asked about 48 kb /s
s u p p o r t , the response was that i t could attach a t this s p e e d bu t n o t s u p p o r t the
potential packet rate.

5. Costs

Costs vary from £4,480 for 2 links to £5,605 fo r seven links.

6. Multinode Networks

Can bedone using X25.

7. Known Problems

Apart f rom the inadequate packet throughput, the fol lowing po in t s fail to m e e t the
JNT spec.

1. Packet and Window size are fixed at 2 and 128.

2. Addressing/Routing is ex t remely inflexible.

3 . A l l configura t ion de ta i l s , i nc lud ing addressing, t i m i n g a n d DTE/DCE
are fixed and can o n l y be changed by BT.
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8. Summary

With the above proo iems Packet NetMux is n o t suitable for use in the Academic
Commun i t y.



VW

DCA

1. General

DCA provide an X.25 interface to t h e i r OCA Sys tem 355 Master Network Processor
which is pr imar i ly aimed at the terminal s w i t c h i n g market . This e q u i p m e n t m a y be
u s e d as a switch and PAD facil i t ies are also p r o v i d e d .

The X.25 interface is supported on a s e p e r a card and wi th its own micro p rocesso r
tha t fits into a card slot of a s y s t e m 355. There is a major drawback in t h a t any one
Card can only suppor 32 virtual calls. A maximum packet size of 2048 by tes is
s u p p o r t e d but there is no negot ia t ion of packe t or window size allowed.

~2. Configuration Options

A maximum o f 4 4 X.25 lines can b e s u p p o r t e d .

3. Line Speeds/interface Options

Two options are available, first a card tha t drives a single 9.6 kb/s line and
second ly a new pair o f cards that drive 2 lines both at s p e e d s up to 64 kb/s.

A maximum speed o f 19.2 kb/s can be suppor ted using V24 and up to 64 kb/s
using V35.

4. Throughput

I t i s claimed each X.25 card can handle t h e maximum throughput that a 19.2 kb/s
l ink C a n produce and that there is no l imi tat ion on carrying this across the lines w h e n
gene ra ted by all the po r t s . There is no evidence that this has ever been t r i ed o u t .

5. Costs

A basic DCA 355 costs £6,925 (including X.25 Software). The c o s t of each 9.6 kb/s
p o r t is then £1,448 and pair of 64 kb/s p o r t s c o s t € 3,935. Thus:

1 8 p o r t s - £ 3 7 , 9 6 8

6. Miltinode Networks

S y s t e m 355s uses an internal p r o t o c o l when interconnected. For large n e t w o r k s ,
OCA would recommend Telematics b u t the i r s y s t e m s have n o t been p r o p e r t y
in tegra ted w i t h the Telematics equipment .
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7. Addressing

Either individual addresses or a ‘w i ld card’ s y s t e m can be used.

8. Network Management

There are t w o packages available us ing an IBhi PC/XT or AT which can prov ide
alarm logg ing and a colour graphics package.

9. Operator Control

Only a pre-defined termina l , ie. one that is attached to a System 355, can be used
for switch control.

10. Summary

The l imi t of o n l y 32 virtual calls per X 2 5 card , the lack of packet and window size
negotiation, and the rather h igh price per port-make this equipment too constrained
for use as general packet switches.‑



DYNATECH

1. General

Dyna tech sell a range o f X.25 e q u i p m e n t including PADs, switches and a Gateway
Address Translator and a Network Control Centre. The switch is called Mu t t Switch
X25 and has been certified for use wi th m o s t of the publ ic data networks. It is based
on a 280 w i t h 248 Kbyts of RAM.

2. Configuration Opt ions

The Muiti Switch comes in t w o t y p e s , t h e Mode! 8 and the Mode! 12 High Speed
suppo r t i ng f rom 4 links to either 8 (Model 8 ) o r 12 (Model 12) links maximum.

3. Line Speeds/interface Options

The Model 8 s u p p o r t s a maximum s p e e d o f o n l y 9.6 kb/s, the Mode! 1 2 s u p p o r t s
speeds of up to 64 k b / s , which may be internally clocked up to 56 kb/s. V24, V35 and
X21 are available.

4. Throughput

A packe t th roughput o f 100 data packe ts /sec is q u o t e d for the Model 12.

5. Costs .
The Mode! 8 costs £3,665 for 4 lines and £5.669 for 8 lines. The Model 12 c o s t s

£17,200 fo r 4 lines wi th an additional £2,297 per 2 lines.

Therefore, for a Model 12:‑

10 links - £24,091

6. Muitinode Networks

The Oynatech can o p e r a t e as a concent ra tor type. switch us ing X25 to
communicate with the other nodes and is capable of load sharing across m u l t i p l e
lines.

7. Addressing

Appears flexible w i th the abi l i ty to use singie addresses and/or ranges of
addresses.
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8. Network Management

Any Dynatech switch can be interrogated by any network terminal (password
pro tec ted) to determine basic data such as:- s ta tus of links. n u m b e r of calls on each
l ink , number o f users on the line.

Dynatech also sell a ‘Network Control Centre’ based on an IBM XT connected to an
asyncnmronous PAD p o r t . This is al! done on a ‘passive’ basis. ie. it is pol led by the
operator/NCC and it does n o t appear poss ib le to obtain details of calls made or
coun ts of various packet types.

9. Operator Control

T h e feature mentioned above can be used to control a swi tch r e m o t e l y. Most
features in the JNT spec are included w i t h t h e exception of the abi l i ty to ‘clear a call

- to a selected OTE address’.

10. Summary

An interest ing switch which could be used as a X25 concent ra tor fo r a larger
switch. A l though the cost per line is rather h igh, i t is wor th invest igat ing this sw i tch
in more detail.



IPAC

1,  Genera l

IPAC sell t h e COMPAC VCX which is an X.25 swi tch forming a p a r t of a s e t of X.25
p r o d u c t s including PADs and a Network Management Centre. Tne COMPAC VCX is of
French des ign and manufacture and is based on a Z80 processor w i th 128 Kbytes of
m e m o r y. A tota l of 80 simultaneous calls can be s u p p o r t e d .

2. Configuration Options

Two swi tches are produced. the CP1 suppor t ing 8 lines and the CP1S supporting
16 lines.

3. Line Speeds/n ter face Options

Both switches only suppom a maximum line speed of 9.6 kb/s.

4. Throughput

Maximum packet ra tes of 80 and 160 packets /sec are q u o t e d for the t w o t y p e s .

5. Costs

The cas t of the 8 line switch is £8K and the 16 line switch £15,300.

6. Known Probiems

The COMPAC VCX does no t m e e t t h e JNT s p e c in a number of key points, t h e y
are:‑

- Only 9.6 kb/s supported.

- No Fast Select.

- Can only use LCGN-4.

- Severe Addressing constraints.

7. Summary

The a b o v e p r o b l e r n s m u s t rule o u t t h i s s w i t c h , IPAC s a y t h a t there i s a new
version on the w a y - the ‘COMPAC NPX’ bu t the re are no technical! details available
y e t .

The c o s t of the NPX wi l l be: 12 p o r t s £24,400
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MEMOTEC

1. General

Memotec_ switches, as marketed by Drake Systems are p a r t of a range of X.25
p r o d u c t s inc lud ing PADs and a Network Control Centre. The range is called MPAC and
the swi tches are certified for use on a wide var ie ty of publ ic data networks. The
equ ipmen t is manufactured in Canada.

2 Configuration Options

The swi tch comes i n t w o types . the MPAC 2500 which s u p p o r t s u p t o 8 lines and
t h e MPAC SP/8564 which s u p p o r t s 4 h i g h s p e e d lines.

3. Line Speeds/nterface Options

The 8 line MPAC 2500 has a maximum s p e e d on all p o r t s of on ly 9.6 kb/s. The
SP/8564 h a s a maximum speed o f 6 4 kb/s and s u p p o r t s V24, X21 and V35 (and
RS$449?).

4. Throughput

Unknown.

5. Costs

The 8 low speed 2500 costs £6,000, the 4 channel SP/8564 cos ts £9,197.

Cost p e r l ine (4 lines!) is £2,300 .

&. Summary

It has proved very difficult to obtain adequate information on this p r o d u c t b u t the
fairly h igh l ine cost coupled with the constrained configurations do n o t justi fy fur ther
investigation.

Memotec are also offe r ing a new b o x the MPAC MP/8000 , which is combinat ion of
sw i tch and PAD. U p t o 1 2 X25 lines runn ing a t 6 4 kc/s can b e s u p p o r t e d a t a c o s t o f
£15,093 fo r 12 lines. No further information could be obtained f rom Memotec.
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MOTOROLA

1. General

Motorola offer a M68000-based X25 switch called the ‘Intelligent X25 Processor
(IXP). A maximum sto re size of 384 Kbytes is allowed and it is s ta ted that up to 1000
virtual calls can be suppor ted .

2. Configuration Opt ions

Two t y p e s o f switches are o f fe red , a s t a n d a r d , and a h igh p e r f o r m a n c e , b o t h t y p e s
can s u p p o r t f r om 2 to 32 phys ica l links.

3 . Line Speeds/n ter tace Options

The ‘standard’ switch supports only V24 interfaces up to a maximum s p e e d of 19.2
kb/s. The h igh performance switch suppor t s line speeds to 72 kb/s using V24, V21,
RS422 or V35 in a flexible fashion.

4. Throughput

800 pkts/sec is claimed for the high performance switch.

5. Costs

The basic c o s t of a h igh performance switch is £15,500 configured wi th 2 p o r t s .
There is then an additional cos t of £2,000 per p o r t board each of which s u p p o r t s t w o
links. There is an additional c o s t of £100-£250 f o r the physical interface.

This gives the fo l lowing costs : ‑

10 p o r t s £26,800; 18 p o r t s £33,600

6. Multinode Networks

Motorola switches wil l work as p a r t of a mult inode n e t w o r k using ‘s imp le ’ X 2 5
between t h e nodes.

7. Addressing/Routing

Addressing is handled by conversion to names - i t appears flexible b u t obscure.



8. Network Management

There is no disc at tached to the sys te rm , so t h e r e is no co l lec t ion of statistics.
However, statistics. inc lud ing details of calls e t c . can be directed to a ne twork
‘console’, c o n s e q u e n t l y a m i c r o , o r similar. cou ld b e attacned t o collect. t ime s t a m p
and p r e s e n t stat ist ics.

9. Operator Control

Operator contro! can be either f rom the console attached to t h e s w i t c hor f rom
any network terminal (password protected). Tne level of contro! p r o v i d e d f rom th is
console appears to be fai r ly comprehens ive and m e e t s m o s t o f t h e requ i remen ts in
the JNT spec, i nc lud ing t h e abi l i ty t o l ist all ca l ls , w i t h add resses , t o a pa r t i cu la r DTE.

10. Known Problems

The switch s u p p o r t s a maximum packet size o f on l y 128.

11. Cther Points

I t has proved extremely difficult t o g e t a proper technical manual and consequen t l y
i t has n o t been poss ib le to check a number of po in ts in detail.

12. Summary

This is a fairly typical small swi tch, even though i t does go up to 32 finks, wi th the
typical d isadvantages of small swi tches, ie. lack of network m a n a g e m e n t and proper
control of the switch. When this is coupled with a h igh c o s t per l ine (£2,250) it does
n o t appear to be w o r t h pursuing.
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Northern Telecom

1. General

Northern Telecom sell a range of network products including sw i t ches , PADs and a
network control s y s t e m . The s y s t e m is used as the basis for DATAPAC in Canada a n d
DATEX-P in Germany. The switches are based on mult i 16 b i t processors. 512 kby tes
o f common memory is suppor ted . with each processor having additional p r i va te
memory, no guide is given for the maximum numoer of calls a l tnough up to 1200
subscribers can be connected to a singie switch.

2. Configuration Opt ions

Northern Telecom sell a c o n c e n t r a t o r , the S L rapid, which can s u p p o r t u p t o 208
low speed lines and uses a maximum of 73 kb/s speed line to c o n n e c t back to a m a i n
switch.

The main swi tch , called the SL10 can be configured wi th up to 10 line m o d u l e s , or
each line module can be replaced with three trunk modules support ing links to o t h e r
SL10s.

Each line module can suppo r t up to 120 lines a t 9.6 kb/s o r 4 high speed lines
(max 64 kb/s). :

With 3 trunk links, and 8 links at 64 kb/s , the SL10 could s u p p o r t an additional 840
’ 9.6 kb/s links.

21 . Line Speeds/intertace Options

The SL10 s u p p o r t s V24 and V35 a t speeds u p t o 6 4 kb/s. A trunk link t o another
“S$L10 can be run at 128 kb/s.

3. Throughput

The SL10 can s u p p o r t up to 1500 packets/sec (quoted at 750 user data pkts /sec) .

4. Costs

A minimum SL10 switch sys tem starts at £150,000.

5. Muitinode Networks

The SL10 i s d e s i g n e d t o w o r k i n a m u l t i n o d e n e t w o r k a n d uses a n in terna l
da tag ram p r o t o c o l to communicate between the switches.

1
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6. Addressing

The SL1O e x p e c t s to use X75 to communicate wi th external networks and tne
addressing does n o t appear to be flexible enough to be used in con junct ion w i t h tne
existing equipment.

6.1. Network Management & Operator Control

This is achieved in an extremely powerfu l manner by the separa te Network Contra!
Cantre.

7. Summary

The need fo r a Network Controi Centre, combined wi th poss ib le addressing
p rob lems and wi th the extremely h i g h basic cos t rules o u t this op t ion .
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PLESSEY

1. General

Plessey provide X.25 produc ts that are used in large Public Data Networks, eg. PSS.
and for c o m p u t e r networks such a s the Midland Bank The largest switch. t h e TP4000
is mu l t i -m i c rop rocesso r -based wi th a s t o r e size o f 64-256 Kbyte. The sma l l e r,
c o n c e n t r a t o r, switch t h e Series 2500 i s based o n a n Intel 8086 w i t h u p t o 256 Kbytes
of  memory.

2. Configuration Options

The largest s w i t c h , the TP4000 s u p p o r t s u p t o 250 p o r t s ( m a d e u p o u t o f 3 6 l ine
processing cards each with 8 lines).

The concentrator sw i t ch , the Series 2500 comes in three different sizes and
performances, a 16, 24 and 48 p o r t vers ions.

3. Line Speeds/intertace Options

Both types s u p p o r t line speeds o f u p t o 6 4 kb/s using V24 o r V35.

4, Throughput

The TP4000 has a disappointing t o p packet r a t e of on l y 450 packets/sec (quoted as
225 data packets/sec). This is on OTE/DTE calls, the switch is qwoted at being able to
switch 2000 packet/sec on inter-switch links.

The Series 2500 had 3 different rates.

1 6 p o r t s - 6 0 p a c k e t s / s e c
2 4 p o r t s - 9 0 p a c k e t s / s e c
4 8 p o r t s - 180 p a c k e t s / s e c

it can be seen from this that Plessey c a n n o t match the JNT spec. even at 48 p o r t s . fo r
pertormance.

5. Costs

The TP4000 costs from £100,000 - £200,000.

4 8 p o r t s - £ 1 5 0 , 0 0 0

The Series 2500 c o s t s : ‑
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1 6 p o r t s - £ 1 3 , 0 0 9
2 4 p o r t s = £ 1 7 , 0 0 9
& 8 p o r t s - £ 3 0 , 0 0 9

6. Multinode Networks

System has been produced to handie massive networks.

7. Addressing

Apparent ly m e e t s t h e JNT spec w i t h t h e restrict ion tha t a Zone s y s t e m m u s t be
used between groups of nodes , al though n o t between m e m b e r s of the group.

8. Network Management

Extremely powerfu l but requires to run on a Prime. Plessey are. howeve r, going to
p r o d u c e a micro-based Network Operation Centre for use in smaller networks.

9. Operator Control

The quality of control is considerably better than that of the GEC switch.

10. Summary

The performance of the switches is disappointingly l o w, the biggest switch n o t
meeting the JNT spec and this coupled with the extremely high cost rules this
equipment out.
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SIEMENS

1. General

Siemens produce a range of equ ipment fo r X.25 p a c k e t networking called the
System EDX-P including switches. concentrators. PADs and Network Contro! Centre. in
the U.K , the s y s t e m is marketed by Databit Ltd w h o are owned by Siemens. Packet
sizes of up to 256 by tes are supported.

2 Configuration Options

The c o n c e n t r a t o r , the ANP2530 - which can a c t a s a switch i n its own r i gh t wi th
addit ional software - s u p p o r t s between 8 and 128 links. The ma in switch. t h e Sys tem
EDX-P can suppor up to 1008 links.

3. Line Speeds/nterface Options

The concen t ra to r suppor t s line speeds o f up to 19.2 kb/s and network links a t up
t o 6 4 kb/s. The EDX=-P s u p p o r t s links a t u p t o 6 4 kb/s.

4. Throughput

The switch is rated at 700/900 pkts/sec. It handles X.75 more efficiently than X.25.

5. Costs

ANP 2530 costs approximately £20,000-£25.000 (a 32 line £19,200 - £25,600).

A 100 line EDX-P costs approximately £100,000.

6. Multinode Networks

The EDX-P has been designed to work in a multinode network and uses a variant
of X75 to communicate between the nodes.

7. Addressing

Databit have requested information from Siemens over the use of addressing.

8. Network Management & Operator Control

Siemens use a Network Controi Centre to d o w n line load the ANP2520, receive the
cal l statistics e t c . , and to contro! the ne twork It is p o s s i b l e to integrate t h e NCC into
a Sys tem EODX-P, which then can also control any EDX-Ps in t h e n e t w o r k
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9. Suinmary

Trere remains the ques t i on of addressing to be resolved and it appears to have a
disappointingly low throughput .
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STC

1. General

STC offer the OPS 1500 Packet Switching System. The p r o d u c t l ine consists of
sw i t ches , PADs and a Network Operation and Management Centre.

The switches are formed f rom t w o pieces of equ ipment , t he Packet Data Satellite
(POS) and the Packet Switching Exchange (PSE). The PDS handles the user equ ipment
while the PSE per forms switching and rout ing. Both p i e c e s of equ ipmen t are based
o n a high speed bus support ing mult i m i c r o - p r o c e s s o r s . The hardware MTBF for a
POS and PSE are quo ted at 4.93 years and 1.88 years. A maximum packe t size of
1024 bytes is supported. 7

2. Configuration Options

The minimum network consists of a Packet Data Satellite with t w o Line Access
Modules and a Packet Switch Exchange wi th t w o Line Access Modules. Each Line
Access Module (on the POS) can suppor t up to 16 access lines wi th an average
aggregate throughput of 32 kb/s full dup lex Consequently, the smailest switch pair
can handle 32 lines (at 32 kb/s) or 2 lines at 48 kb/s and 30 lines at 37 kb/s. One or
more of these lines need to be connected to the PSE.

This small switch configuration can be expanded to 16 LAMs or a maximum of
1000 links. Tne maximum numbert of X25 links for awhole network is 175,000 links.

3. Line Speeds/nterface Options

Line speeds of up to 64 kb/s using V24, V11 or V35 are suppor ted.

4. Throughput

A Packet Processing Module (PPM) is used in eitner the POS or tne PSE. A PPM
wil l s u p p o r t 150 pkts/sec. Up to 100 PPMs can be installed in a sw i t ch , g iv ing a total
throughput of 6,000 packets/sec.

5. Costs

The smallest configuration (30- 32 links) costs £140,000.

6. Multinode Networks

The s y s t e m has been designed as a large mult inode network and uses the
‘netgram’ - an internal da tag ram protocol to communicate between switches.



25

7. Addressing/Routing

There appears to be flexib i l i ty in tne use of X.121 addressing. howeve r, the main
inter-network link is done by X.75 and t h e DPS1500 may n o t s u p p o r t OTE interfaces.

Hunt groups. including suppor for an address across mu l t i p le POS’s are available.

°

8. Network Management

Network Management is performed by a Network Operat ion and Management
Centre which can be either a stand alone PDP11/24 (or 11 /44) or can be integrated
within the PSE. an

9. Operator Control -‑
Very full operation control f rom the NOMC has been provided.

10. Summary

The OPS1500 appears to be t o o expensive for further consideration for individual
universities.
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TELEFILE

1. Genera!

Telefile is a small company (owned by a US parent) producing a switch called
TelePAC. This is a M68000-based switch using the standard VME bus. The basic
s y s t e m has 192 Kbytes o f s to re (soon to be expanded to 750 Kbytes). I t i s claimed
tha t 100 virtual calls can be suppomed. About 100 s y s t e m s have been installed
world-wide in the last 3 years. TelePAC units will be able to be joined t o g e t h e r using
a OMA interface. This interface could also b e used t o connec t t o a u s e r - p r o g r a m m e d
p r o c e s s o r support ing a UNIX-compat ib ie sys tem for use as a Gateway or o t h e r s u c h
p r o t o c o l conver te r. TelePAC is certified fo r use on m o s t pub l i c networks.

2. Configuration

One TelePAC can s u p p o r t up to 30 lines, a MegaPAC wi l l beformed by joining up
to 16 TelePACs toge the r using DMA channels.

3. Line Speeds/nter tace Options

Line speeds o f up to 153 kb/s can be suppor ted using V24, V10/11, V35 or X21.

4. Throughput

A throughput of g r e a t e r than 1162 packets/sec is claimed.

5. Costs

10 ports £11,000; 18 p o r t s £12,500: 48 p o r t s £35,500

6. Multinode Networks

. The switch wil l work in either the MegaPAC situation or as a muit inode network |
Load sharing is pe r fo rmed across mul t ip le links. X25 is used between the nodes.

7. Addressing/Routing

The method used for rou t i ng is different from m o s t others. A l l addresses are
turned into ‘names’ and rout ing etc is done on the basis of these names. Singie
addresses or ranges can be used though as it uses ‘wild cards’ (eg. 50°* to m a t c h a
range 5000-5099). Complete flexib i l i ty on ranges is missing. ‑
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8. Network Management

The basic swi tch d o e s n o t include a disc, a l though m o s t of t h e required
information can be r o u t e d tO a network ‘ p o r t . This area in pa r t i cu la r would need
enhancing for the switzh t o b e a c c e o t a p l e .

9. Operator Control

The o p e r a t o r control facilities appears to be flexible. wi th the ab i l i t y to use any
(password protected) terminal for the contro!. Lines can be reconfigured wi thou t
requiring a reload of the entire switch.

10. Summary

A l though TelePAC does n o t s u p p o r t all o f the Network Management features
requ i red in the JNT spec, the cost. power and flexibility of the archi tecture warrant a
closer l o o k
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TELEMATICS

1. General

Telematics offer a range of X.25 network ing p r o d u c t s called the Net 25 Procuct
Family including concentrator switches. p r imary switches. backbone switches. PADs
and supervisory nodes. The e q u i p m e n t is based on Motorola M68000s and t h e largest
node Nas a store size o f 4 Mby tes e x p a n d a b l e u p t o 8 Mbytes . A maximum o f 1500
simultaneous calls can be suppomed on the largest node. The equ ipmen t is sold in
t h e UK by Telematics and also by ICL and other companies including IAL w h o sell it
under their own label. Telematics is ce r i fied for use on m o s t pub l i c data n e t w o r k s .
The maximum packet size suppormed is 1024 bytes.

2 Configuration Options

The switches are sold i n a wide var ie ty o f opt ions starting a t 1 6 lines e x p a n c a b i e
Up to 1024 lines on the largest swi tch .

3. Line Speeds/ntertace Options
c ‑

Up to 64 kb/s is suppor ted, even on the smallest switch, to interface standards
V24, V35 and X21.

4. Throughput

Throughput varies from 100 packets/sec (quoted as 50 data packets/sec) at the
lowest end, expandable by adding both a communications accelerator and up to t w o
additional general purpose processors to give a maximum th roughpu t of 1600
packet /sec (quoted as 800 data packet /sec) .



3¢

6. Multi-node Networks

Designed for use i n th i s e n v i r o n m e n t , Telematics use a non-X.25 p r o t o c o l f o r
inter-switcn communication

7. Addressing

Flexible control over X121 addressing is a l l o w e d , full comp l iance wi th t h e JNT spec
still has to de estadlished.

8. Network management

Aopears to be fair ly comprehens ive. I t is noted that the smallest s w i t c h r e q u i r e s
t o b e linked u p wi th a ‘standard’ sw i tch f o r the purpose o f n e t w o r k m a n a g e m e n t .

~
There is a specific ne twork management m a c h i n e , based on the same arch i tec tu re ,

but this function can also be integrated into a stancard switch. ‑

9. Operator Control

Appears to be very flex ib le , m e e t s and exceeds m o s t of the po in ts in t h e JNT spec
(the possible exception is the clearing of a particular call), Any network t e r m i n a l ,
password protected, may also be used. Line configuration, and even the rep lacement
o f channel! boards can be per formed on a live sys tem.

10. Other Points

An ext remely flexible s y s t e m wi th the abil i ty to add user programs, eg. f o r YB-iSO
convers ion , has been constructed. There is also an opt ional ‘p ro tec t ion modu le ’ f o r
protect ing switches from code added by the user.

11. Known Problems

Fast Select is no t currently supported, but a release of software wh ich inciudes
Fast Select, is planned for November 19885.

12 X25 (1984)

This is expected to be ready early in 1986.

13. Summary

This series i s e x t r e m e l y c o s t e f f e c t i v e , has m o d u l e s r ight across t h e connect ion
s p e c t r u m , has ext remely easy upgrade p a t h s fo r performance expans ion a n d has the
ab i l i t y fo r t h e C o m m u n i t y t o add user d e s i g n e d software.

As an extremely attractive alternative to GEC it is w o r t h consider ing in Stage 2.



Thorn Ericsson

1. General

Thorn Ericsson offer ERIPAX which i s a n e t w o r k i n g s y s t e m compr is ing s w i t c h .
PADs and network m a n a g e m e n t s t a t i o n s . The e q u i p m e n t i s based o n a flexibie
mixture of Motorola 68000s and 6809s suppor t ing a maximum sto re size of 8
megabytes.

2. Configuration Options

Up to 32 ‘Computer Modules’ can be built into a single node. Each Computer
Module can suppomt between 2 and 8 p h y s i c a l l inks giving a maximum u s a b l e
configura t ion of over 200 links. “7 ‑

3. Line Speeds Interface Options

The ERIPAX s u p p o r t s V24 t o 19.2 kb/s and V35 a t speeds u p t o 6 4 KB/s. X21 and
G703 are also s u p p o r e d . .

4. Throughput

A single ‘Computer Module’ can s u p p o r t 200 packets/sec (quoted as 100 data
pkts/sec). Based on this a maximum of 1000 packe ts / sec (500 data packets /sec) i s
claimed for an entire node, aithough it can be higher if a particular s y s t e m is
configured carefully.

5. Costs

1 0 p o r t s - £ 1 4 0 , 0 0 0
100 p o r t s - £500 ,000

A new release of hardware is due at the end of t h e year which wi l l reduce t h e c o s t of
the 100 p o r t switch to £300,000 approximately.

6. Multinode Networks

A modified form of X.75 is used between nodes of a network and X.75 is
recommended for use between different networks .

7. Addressing

A flexible addressing scheme is available w i t h t h e ab i l i t y to have ranges based on
a m a t c h of less than 12 digi ts in an address. H o w e v e r , o n l y one address or one range
is a l lowed on a single l i nk Hunt groups are available b u t t h e y do not load snare.
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8. Network Management

Network Management can be implemented on a stand-alone machine or in tegrated
into a node.

9. Operator Control

Operator control m u s t be done by a terminal attazhec to one of the nodes.

10. Summary

The limitations in the addressing structure coupled with the h igh cos t rule o u t this
equipment. ‑
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a ee SEEL LTD. 3 Young Square
Brucefiela Incustr:al Park.

| Livingston. West Lothian EH54 9BV.

COMMUNICATION Scotiand

AND CONTROL Telex 728107 SEEL G

Tel. Livingston (STD 0 5 0 6 ) 411503

Our Aer FRC/JCP Y o u Re: Date 2nd A p r i l 1987

D r . P. 8 . Bryan t ,
Ru the r fo rd dppleton Labora to r i es ,
C h i l t o n ,
D i d c o t ,
OXON, OX11 OQX

Dear P a u l ,

F u r t h e r to ou r telephone c o n v e r s a t i o n I enclose d e t a i l s on Telepac/Minipac
a s  r e q u e s t e d .

Telepac/Minipac is a h i g h pe r fo rmance PSE wh i ch is based u p o n t h e MC68000
r a n g e o f m i c r o p r o c e s s o r p r o d u c t s and t h e VME b u s s y s t e m a r c h i t e c t u r e .
H i g h per formance is ach ieved by p r o v i d i n g t h e ma in p r e c e s s o r w i t h a
p r i v a t e bus f o r program f e t c h and s t a c k o p e r a t i o n s , a l s o s e p a r a t e DMA
p r o c e s s o r s t o con t ro l each l i n e i n t e r f a c e .

These systems o f f e r a range of l i n e i n t e r f a c e s which cover t h e estab l ished
Gata t r a n s m i s s i o n s t a n d a r d s and d a t a r a t e s . These i n c l u d e V24/V28,
V35, X.27 and X.21 w i t h d a t a r a t e s up to 153Kbps.

The M i n i p a c system i s a v a i l a b l e i n a n 8 o r 1 0 p o r t f o r m , w h i l s t Te l e p a c
i s a v a i l a b l e i n a n e x p a n d a b l e f o r m f r o m 1 0 ‐ - 3 0 p o r t s . l a r g e r s y s t e m s
can b e c o n fi g u r e d b y l i n k i n g Te l e p a c s u s i n g t h e i n t e r - Te l e p a c channel
i n t e r f a c e . .

B o t h p roduc ts a re c o n s t r u c t e d f rom i d e n t i c a l hardware and i n c o r p o r a ‘ e ,
as s t a n d a r d , sechan isms f o r g a t e w a y, b i l l i n g and i n t e g r a t e d n e t w o r k
B a n a g e n e n t .

cocccoee/

a
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Sansiees I r e > soung Savare ‐ -mas ic r
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D r . P. £ . B r y a n t ,
Ru the r fo rd Appleton Labo ra to r i es

2nd A p r i l , 1967

The M i n i p a c 8 system i s a v a i l a b l e a t £9,700 and t h e Telepac systems
f r o m £15,600 (Telepac I 0 ) to £24,000 (Telepac 3 0 ) .

I n g e n e r a l terms I d o n o t p e r c e i v e a n y d i f fi c u l t i e s w i t h t h e i s s u e s
y o u r a i s e d , i n p a r t i c u l e r , X.25 (1984) and D N I C , However, w e would
w i s h to discuss these matters w i t h you in d e t a i l to ensure implementat ion
t o your s a t i s f a c t i o n . Seel are c u r r e n t l y committed t o t r a c k i n g B r i t i s h
Telecom PSS and a lso implementing t h e X.25 (1984) requ i remen ts as s p e c i fi e d
by t h e JNT.

I t r u s t t h a t you w i l l fi n d our p r o d u c t s o f i n t e r e s t and look fo rward
t o t h e o p p o r t u n i t y t o d iscuss you r r e q u i r e m e n t s i n d e t a i l .

Yours s i n c e r e l y,
f o r SEEL LTD

F. R. Combe
S a l e s D i r e c t o r

Enes.



GENERAL OVERVIEW

SYNC / ASYNC
HOST / TERMINAL
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PRIVATE PUBLIC

NETWORK NETWORK

O.
The diagram summarises the various major facilities provided by a TelePAC based network.

An arbitrary number of TelePACs can be interlinked to form networks of various degrees of
complexity. The network links can be soft configured to be either MUXPORT (STATISTICAL
MULTIPLEXORS), or X.25, and virtual circuits can pass through an arbitrary number of
communications links with the protocol changing at each leg of the path. Multiple alternative
routing is a standard facility, as is the ability for any terminal or host to connect to any other
terminal or host connectedin the network. Switching or fixed destinations (with alternative routing)
are also standard configurable options.

Any asynchronous or synchronous block mode protocols are suppor ted and most of the major
synchronous protocols are supported.

Any X.25 PAD or X.25 host interface can be supported, and soft configuration optionsare available
to cater for the minor vagarier of various equipment types.

X25 public networks are supported, and formal approvals have been obtained for a number of
these throughout the worid.

A large set of mechanisms is embodied in the software in each TelePAC to support the needs of
authorised network managers; and to provide interfaces and facil it ies for an X.25 interfaced
Network Management Presentation Service and Data Base.

The overall concept of the network is ‘decentralisation’, which enables the network to grow and
adapt as requirements change; and this also aids diagnosis and solving of problems.



TRIEPAL resus

e Advanced, high-speed, communications SAMPLE CONFIGURATIONS
processor

e Oriented towards CCITT X.25

e Support of X.3 parameters and X.29

e Networking node

e Switching or fixed destinations

e Alternative routing and automatic call
re-establishment

e Gateway operation

e Unique combination of X.25 and statistical
muitiplexing of communications links

e Complete modular expansion from small four‑
port nodes to large PSEs

e Multi-processor design, with option for user- TRIANGULATION

programmed processors supporting UNIX
compatible operating system and the ‘C’
language

e Synchronous and Asynchronous data

e High throughput per £ cost

e Protocol conversion

‘averec revere e Network management
merer~ervihel

e User friendly, simple to configure

e Open-ended design

e Approved for use with X.25 public data
networks

a s VER Ever Ti a e m a a s

e Menu and queueing options

e Ethernet interface
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TelePAC
Configuration
While being user friendly, the TelePAC
configuration language is generalised for
open-ended expansion and as a basis for the
support of OSI standards.

The main TelePAC configuration parameters
are summarised below:

Link Level
Link type: X.25

MUXPORT
(statistically multiplexed)

Ethernet
OMA Channel-to-channel.

Number of logical channels per link.

OTE or DCE
LAP or LAP 8; host or network interface.
Time-out and retransmission values.
Window size level 2.
Default Window size level 3.
Logical Channel Group.
Extended (0-127) or normal (0-7) frame

sequence numbers.
Poll when idle (level 2RRcommand with
P-bit).
Remote Boot (multiplexed Sinks).

LINE LOAD SHARING

mE
iN Ls =

~‐ es
y,

+2 =)
< =)

S|

MIXED MUXPORT
AND X.25

Logical Channel Level
Routing Method Specification.
Synchronous or Asynchronous.
PVC or SVC.
Queueing.
Automatic call re-establishment and

re-routing.
Compact Network Routing Option (‘DIAL’).
Control of EIA signals (multiplexed channels).
Buffer threshold for flow control.
Slot size for response tuning (muitiplexed

channels).
Flow Control thresholds and refresh values

(multiplexed channels).
Disconnection Contro! Character.
Menu Selection.
Short form X.25 addressing.
Alternative prioritised routing.
X.3 Parameters.
Transparent mode or Integral PAD operation

(multiplexed channels).

Network Management Features
e Control of any node from any point in the

network.

e Control of any multiplexer or PAD from
any point in the network.

e Virtual diagnostic port.

e Polled diagnostics/statistics.

e Session statistics, time-stamped, for
network accounting.

e Network Management Unit for centralized
control and storage.

e Time stamping of all network diagnostics.

e Extensive link and channe! level
diagnostic information on demand.



TelePAL

Hardware
The TelePAC is based upon the M68000 range
of micro-processor products and the European
Standard ‘VME’ bus. The TelePAC processor
board has an internal bus for instruction fetch
and stack-oriented operations. For high
throughput, link input-output operations are
independent of the main M68000, via separate
processors running in OMA mode. High-speed
DMA channels are also used to interlink
TelePAC units. in order to create very large
Packet Switching Exchanges; MegaPAC
Statistically multiplexing nodes; or a
combination of both with the option of running
several user-programmed processors.

Battery backed-up RAM provides the primary
level of TelePAC configuration protection. A
second level can be provided as an option by
floppy disc drives on which copies of the
configuration can be saved, and retrieved
automatically by the system.

A range of link interfaces are available:

RS232 (V24), RS423/422 (V10/11), V35, X21.

Each TelePAC unit is 19 inch rack mountable.

Environment
Temperature: 0 to 50 deg C.
Humidity: 0 to 90% (non condensing)
Power. 115 VAC 60 Hzor

230/240 VAC 50 Hz.

Capacity
Each TelePAC unit can support up to 32
network links, soft configurable as X.25 or
Statistically multiplexed (multiplexed links
support switching as well). Up to 1500 logical
channels per TelePAC unit can be configured.
The maximum number of TelePAC units per
MegaPAC is 16.

The throughput parameters per TelePAC unit
are as follows: ‑

Maximum individual link speed:
153,000 bps.

Maximum packets per second:
greater than 1162.

Maximum statistically multiplexed data rate:
greater than 32,000 bytes per second.



NETWORK MANAGEMENT FEATURES

Network Management and Management Tools
The TelePAC has been designed with a view to network management recognising two very
separate aspects, and involving, normally, very different management personnel . The two aspects
are discussed separately below. A large number of specifically designed tools have been built into
the TelePAC, in order that it can provide comprehensive solutions to both management aspects.

Network Troubleshooter and Network Configuration Management
The person or persons who troubleshoot networks are usually those responsible for the basic
network configuration and its maintenance. These are the network controllers, who need a good
understanding of the subject in order to configure the basic network functions and facilities. The
same people usually are responsible for isolating occasional problems, in possibly widely
scattered geographical sites within the network. Quite clearly such people, who are normally
relatively expensive,cannot continually be ‘on the road’ in order to investigate faults. They need to
be able to investigate network problems centrally or from any point that is convenient at the time.
Ideally, the problem should be identified remotely by the controller, and less expensive personnel
dispatched to fix a physical problem once it has been identified. This problem is overcome by the
concept of the ‘virtual control port’ which is embodied in each TelePAC and is described below.

Network Management and Management Tools
The network controllers will often be employed by OEMs or distributors, and provide a support
service to end-users; or, in the case of large users, one or more such persons will be employed
directly.

The concept of a ‘virtual control port’, together with remote access capability, is a fundamental tool
for the controlling network manager. A virtual control port is actually a software module which
resides in every node (TelePAC, TelePAD, PAD, or Statistical multiplexor or node). It is a ‘virtual’
port in the sense that it is not associated with any given physical port. The software module is
responsible for providing interactive configuration and diagnostic facilities.

Within the concepts embodied in the TelePAC, a virtual control port is a resource which is
accessed just like any other resource. From any network access point (dial up port; X.25 public
network, X.25 PADor multiplexor) the network controller can, simply by entering a call address (e.g.
via public data network or from a private PAD),or by typing amnemonic, gain access to the virtual
control port of any TelePAC in the network. In a complicated network, the access can be directly
made by automatic establishment of a multi-staged virtual circuit; or the manager can step from
TelePAC to TelePAC in a deliberate fashion. Once connected to a virtual control port in a given
TelePAC, he has an interactive dialogue to perform configuration and diagnostic operations.

The concept of remote access to virtual control ports, via resource selection, is taken a logical step
further by using the same technique to access the virtual control ports in multiplexors or PADs. For
example, take a TelePAC which has, e.g. 3 high speed X.25 links to 3VAX computers, and 27 lower
speed links to 27 remotely situated statistical multiplexors. The controller, by simply typing four
characters on a terminal on his desk, can immediately talk with any one of the 27 muitiplexors, for
example, to look at the EIA signals on a particular terminai port, or to watch the input or output
characters as the user types or receives responses. (This monitor is completely passive).

The diagnostic information available from the virtual control port of the TelePAC is extensive,
including:

Buffer counts
Data in and Data out counts for communicating links
Frame counts for links
Transmit and Receive window positions
CRC error counts
X.25 level 2 state of l ink
Current retransmission level
Data in and out counts for individual channels
Frame or packet counts for channels
EJA signals In and Out
X.25 level 3 state
Transmit and Receive Window positions
Logical state of link
Flow control positions
Virtual Circuit connection state
Data restraint position
And others



Network Management Presentation Service and Data Base
The other aspect of network management that needs to be covered is that with respect to the
general management. Here we are talking about an almost purely administrative function, by
people who are not necessarily specialists. At one level we have operat ional staff, who require a
Centralised (or multi-point) system, which ‘presents’ to them, information as to the state of the
network, and provides an automatic method of not only generating alarms, but also of providing
specific instructions as to exactly what to do. At another level we. have a higher administrative
function, which inc ludes :‐ .

1. Information on the performance of the network. for forward planning of capacity and for
Quality control.

2. Information on the number of problems and the time taken to fix them (i.e. performance of
network support).

3. Billing information for cross-charging.
4. Achieved data for historical analysis of problems (looking back on the records).

The view taken of the Management PresentationService is that it is linked to one or more TelePACs
in a network by X.25 link(s). With this concept in mind, anumber of mechanisms have been built
into eachTelePAC node which allows the centralisedManagement Presentation Service (MPS) to
operate. The theory of operation and the mechanisms are outlined below.

Via its X.25 link the MPS sets up calls to each TelePAC in the network. The fact that these virtual
circuits are established (or not) provide the first level of information as to the operational state of
the network. If calls fail, different call addresses can beused to establish different virtual circuits to
the TelePAC in question. By this method, the virtua! circuits provide ‘probes’ by which the MPS
establishes which links or which TelePAC nodes are up or down. The information is displayed
graphically, and alarms are operated and recorded if required.

The destination of the probe circuit is the REPORTS channel on the TelePAC in question. The
REPORTS channel is a Virtual Reports Channel, in the sense that it is anamed channel which can
map on to any given Virtual Circuit.

Once the MPS has attached its probe circuit to the REPORTS channel, all reports for that TelePAC
are intercepted and passed through the circuit to the MPS. Only if the circuit is temporarily broken
(e.g. network failure and re-routing has not yet taken place) will reports go to the reports channel
itself (which is therefore a default, and could have a teleprinter or PC attached to avoid losing any
reports).

Thus the MPS is receiving reports from each TelePAC in the network, on a different logical channel
for each Te'!©PAC. The reports are thus fully segregated, and, further, each report is prefixed by a
level n u m t . 92facilitate programming to process the reports.

There isa virtual statistics channel on each TelePAC,which can similarily be intercepted remotely
by the MPS in order to gather billing statistics for each of the TelePACs.

Once the MPS is connected in this way to eachTelePAC, further facilities are available to it, by
means of commands that it can transmit to the TelePACs along the virtual circuits. Operations
available are:‑
(1) It can poll any component (link, channel, etc.) on the TelePAC and derive performance

Statistics (data counts; error counts, etc.).

(2) It can delete statistics (reset them) for each component (e.g. link or channel).

(3) it can pul l off bill ing records in a handshake manner (So records are not lost or duplicated).

(4) It can delete billing records in a handshake manner.

AS an example of (1) and (2) above in operation, the MPS keeps a profile of expected CRC errors on
a link. It performs a poll every 30 seconds, followed bya statistics reset, and compares the error
count against a profile. If the profile limit is exceeded, it displays an alarm and files a report.
Similarily, by polling and resetting to data counts, and comparing the numbers against a profile
threshold, it detects when link throughput is such that further line plant should be ordered.



FUNCTIONAL FLEXIBILITY AND EXPANSION
CAPABILITY
Certain key features of the TelePAC provide client-users with a high level of flexibility in handling
their current needs. These features also provide a great deal of adaptability with respect to the
modifications and evolutions that any network goes through. The unique open-endedness of the
software and hardware design also ensures that future needs are protected, in terms of integrating
(and this is a keyword, not just ‘adding on’) state-of the art technology features, as and when these
arise. These points are discussed at greater length in the paragraphs that follow.

Flexibility for Current Needs
The TelePAC is a ‘soft’ machine, in that everything that may differ from system to system is
interactively configureable (configurations are kept in battery backed up RAM, and, as an option,
additionally on floppy disc). Even the basic link protocol is configurable. At the same time the
TelePAC, whilst achieving the very high throughput per unit cost that is required of X.25 or
Statistically multiplexed nodes, also acts as communications processor with a wide range of
configurable options not normally found in most nodes. These options, together with a unique
intermixing of X.25 and statistical multiplexing (where required), and a unique transport level
‘naming’ system for logical channels, make it easy to set up alternative routing networks; switching
or fixed destinations; contention; mixing of asynchronous and synchronous data; menu driver or
automatic routing; resource queuing, etc.

At the same time the hardware is modular, can be expanded in economically prices units and a
wide range of OSI level 1 communications interfaces are available, including protocols (V24,
RS232, V28, X21B1S, 1S0 2110 1B12, RS423, V10, X21, etc.).

Adaptability
No network design is static. It evolves as requirements and traffic mixes change. The configuration
of the TelePAC is unique in the sense that it is decentralised minimal topology. Information is
passed between nodes (call packets or resource names), and provided that simple rules are
foitowed the configuration of each TelePAC can be taken in isolation. This means that nodes can
be removed from, or added to, a network, with no impact on other nodes. Resources and terminals
can be added or removed, and become accessibie throughout the network, with nothing but local,
minor configuration changes required.

Expansion of Capacity
The number of links supported by a TelePAC can range up to 30. To incorporate extra links, it is
necessary simply to purchase a modestly priced low-port or low- port line card. An interactive
dialogue is used to soft-configure the links, the machine is switched off, the new card (or cards) is
incorporated, and when the machine is switched on again the extra communications links are up
and running. ,

Resolution of Traffic Mix Problems
Sometimes the traffic types that are to be carried by a network are in conflict, either because of
protocol differences, or in terms of volume versus response. Because of the total integration
Capability (if required)of the X.25 and statistical multiplexing protocols, there is no problem in, for
example, mixing a wide number of fixed destination synchronousprotocols on the same X.25 link
used by switched asynchronous data.

Some data links may be high speed, dealing with, on the whole, large blocks of data. In these
cases, X.25 may be soft-configured on the protocol. On other links a highly interactive response
may be required (e.g. the echo of typed characters is being performed by the remote host), and in
this case the statistically multiplexed protocol may be used. In complicated networks,
performance requirements may dictate a structure consisting of trunk links and host interfaces
running high-speed X.25 and statistical multiplexing as the network fans out.



NETWORK SECURITY
Network security in this context is intended to mean the security that the network offers against
unauthorised access to resources, and network control functions such as the virtual control ports
It is also increasingly becoming a requirement that users should not even be permitted to use the
network itself without authorisation. A related aspect is cross-charging for the use of the network
e.g. in the case where many different departments or divisions of a large company are sharing the
same network. In this casea billing facility needs to be interlocked with authorisation to use the
network.

All of these aspects are handled by the TelePAC, and are described below.

PASSWORD PROTECTION
The first level of protection, which is a soft configurable option, is provided by a password
mechanism. If it is configured, then users have to type a password to gain any further access to the
network. Once a password has been entered successfully, the user gains access to the network,
but a further set of options defined in the password record further control or define the level of
access.
These options i n c l u d e :‑
1 .  B i l l i n g .

Billing records will be produced for charging against the password (which is also a user-group
identifier).

2. Destination.
The user can be automatically routed to a particular destination, or limited to a defined subset
of the total destination resources in the network.

3. Menus.
The user can have one of 32 possible menus displayed (and hence, for example, can be made
aware of only certain resources in the network. Different sections of users can have different
views of the network).

4. Priority/Privilege Level.
A priority level can be set up,which can further limit the resources which the user can access.
The priority level is described further below.

RESOURCE SELECTOR
The second level of access protection is provided by the four character name used to select
resources. If a user is unaware of a given resource selector name (i.e. it does not appear on his
menu), then the resource name becomes, effectively, asecond level of password.The Destination
nescure? Code mask can be further used to limit the users choice to a subset of the total
lestinations.

PRIORITY LEVEL
Sixteen levels of priority (or privilege) are provided. A user cannot access any resource which is at a
level of priority above his own. For example, the Virtual Circuit ports will normally be placed at the
highest level of priority.
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INTERNAL AND NETWORK ORGANISATION
The following pages illustrate the internal and network organisation of the TelePAC. The onion skin
shaped illustration below shows the layered concept of the design. As can be seen this
corresponds to the first 4 layers of the OSI reference model.

CONTROLLER
LEVEL

LOGICAL
CHANNEL
LEVEL

LINKS
X.25

MUXPORT (stat mux)
ETHERNET
CHANNEL

etc.

Thec ° am below illustrates how the onion skin structure in the TelePAC model maps on to the
OS! reterence model, when a cross section of the onion skin layers is taken. The diagram also
shows how the proposed extensions to the TelePAC interfaces map on to the TelePAC and OSI
model.

OS! MODEL TelePAC

APPLICATION

PRESENTATION

Not primarily
the function

of the
TelePAC

Internal, Device independent,
TRANSPORT Data Transmission, Routine,

Quality of Service

rn Oevice Dependent ~~ ~ 7

NETWORK Logical Channel Protoco! | l
e.g. X.25 & Muxport i | 9

ns a |

K j Minimal TelePAC Controller Level é ! z 2 |
DATA LIN Direct € .9. X25 Level 2 w | a o s ; 9| Packetizing ad si | < |

a b ' s | 5 1
HOLC Physical OMA | oO <



Above the physical level there are three important layers, which will exist in Qreater or less
Quantities according to device and protocol.

Controller Level
Provides the data link leve! control ‐ responsible for controlling the state of the data link and for
preserving the integrity of higher level! data at the link level. For X.25 and MUXPORT the same
controller is used (X.25 level 2), with minor parameter differences.

Channel! Level!
This provides the protocol dependent networking operations in terms of logical channels. For X.25
this consists of handling X.25 level 3 packets; for MUXPORT this consists of analysing and
constructing multiplexed frames, (i.e. data from more than one channel is in the same level 2
frame).

Transport Level
This level is common to all current and future interfaces and provides for a device and protocol
independent method of passing and flow controlling data and in particular, for referencing, routing
and cross-connecting (forming virtual circuits) device independent logical channels. This scheme
is based on the principle ‘named’ channels, and all transport level operations take place in terms of
these names (four characters). This is discussed further below, andis illustrated extensively in the
diagrams that follow.

Transport Level Names
All logical channels at the transport level are assigned names by default when a system is started
for the first time. Thereafter the TelePAC manager may reconfigure these names to be anything
that is meaningful to him and the stucture of the network. Many channels can have the same name
(@.9. a contention group or a trunk link group). To forma virtual circuit through a TelePAC it is
necessary simply to search for the requested name (routing) and then to link the initiating name
(the caller) with the destination name (the resource). This simple operation is common to all
protocol types, and happens invisibly to the higher and lower levels.

A common approach to several problems has been taken with the transport level names.
1. For configuration and diagnostic purposes, the names are used to reference channels. The

concept has been extended by allowing controllers to be named for configuration and
diagnostic purposes.

2. Call addresses (in X.25 call packets) are mapped to and from the transport level reference
names.

3. For menu driver users, the names are the resource selectors.
4. The names are used to represent the hierarchical structure of network addressing.

5. Aninternal routing option, which is protocol independent and which is called the ‘dial option’,
consists of passing names from one TelePAC to another.

To generalise the naming conventions wild characters (*) are used to ‘match anything’; and
multiple synonyms (” " * ”) are used to simplify the expression of multiple groups on trunk links.
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1. Introduction.

At the end of 1987 the present agreements with IBM for supporting EARN terminate. The main cffect
of this will be that from then on all of the communication costs will have to born by the member orga‑
nizations of EARN. Besides this the operation of anumber of small machines that are used as Nation‑
al Nodes will also no longer be free of charge.

In this paper, given the trend in the attitude of many PTTs, it is assumed that we will not be faced
to a serious extent with the issue of having to pay volume and time charges during 1988. Beyond 1988
is tao difficult to predict at this time, hence:

1.1 To-day’s situation.

There are now some 275 distinct institutions that can considered to be members of the EARN Associa‑
tion and there are over 570 nodes on EARN. Within a number of countries, noticeably France, Ger‑
many and the UK, many if not all of the leased line costs are already born directly or indirectly by the
member institutions. So the main cost problem wearc facing for the leased lines, is that of the intcrna‑
tional and intercontinental lines, which at present cost a total of a little over 2.0 MSFr.! per year.

Currently [ B M is maintaining free of charge the National Node machines in several countries such
as in Germany, Switzerland and Sweden. This represents a total expenditure of approx. 90 kSfr. each
per year.

The Association itself is surviving at present on the original grant made by IBM of which there
remained 35k$ at the end of 1986. Expenditures have been limited to helping pcople attend technical
mectings here and in the USA as well as to cover some of the costs of the members of the Exccutive
Committce which are heavy because of the frequency of their mectings.

1.2 The Structure of the Association.

EARN and its Association are in effect organized in a federal manner. There are good reasons for this:

¢ The topology of the network. The part of EARN within each country is organized in a way best
adapted to local conditions, varying from a complete Icased line network to using part of the
national network. The parts are then linked by the international lines to form the network as a
whole.

¢ The manner in which the Director representing cach country is chosen by the countries them‑
selves. In some cases this is a person already with responsibilities for the national network or in
national committees concerned with the organization of the universities and their resources. In
other cases they are people elected by a national Users’ Group.

1 :
The choice of c u r r e n c y was made just for my convemence.



LARN 1988 Financing Page 2
aOl

For the communication infrastructure we have to deal with the individual PTTs and in general
this is best done by representatives from within the countnes. The CEPT is an organization with
which we can have general discussions, but when it comes to decisions we must deal with PTTs
themselves

Furthermore the tariffs and conditions set by the PTTs vary from one to another and again it is
within the individual countries we must deal with the problems that these cause.

Many of the day-to-day problems are dealt with within the countries and are best done in the
local language without imposing the use of a foreign language.

So it appears that a federal structure based on the countrics bound together by the EARN Association
seems well adapted to our situation.

2. Possible Solutions to Financing of EARN.

2.1 Initial Assumptions.

NATIONAL LEASED LINES.

As already pointed out in many cases these lines are already payed by the institution at one or
other end. It therefore seems reasonable to assume that this ‘BITNE-T method’ of financing
can be generalized to all of these lines. It will of course be necessary to make local arrange‑
ments in some cases, for example, the sharing of the cost of a particularly expensive line link‑
ing to a group of institutions that benefit directly from it.

!

the leased lines attached to it.

NATIONAL NODES.

That is to say the nodes that carry the international and intercontinental leased lines and in
many cases provide the NETSERV and LISTSERV services for the country. At present some
six of these are maintained at no cost. After 1987 the operating costs of these and possibly
other national nodes that are currently paid by for by the institutions housing them, will have
to covered by the EARN membership. Again it scams rcasonable to assume that the countnes
will each organize the financing of their national node and the serviccs it provides.

its country.
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2.2 ‘Analysis’

Assuming that the above propositions are acceptable. we are still Icft with the following items to be
financed:

The International Leased Lines.

The Intercontinental Leased Lines.

The Operating Costs of the Association.

Let us examine these in turn.

1. INTERNATIONAL LINES.

If we look at the configuration of these EARN lincs as it will be after some rearrangement dur‑
ing the next few months, i.e. after removing some lines that provide duplicate paths, we see

that we can apply the same ‘BITNET’ pnnciple to these lines as well. i.e. that effectively each
country should pay the full cost of one of the intcrnational lines attached to it. In this way all
of the international lines would be financed and all of the countnes except one would be pay‑
ing; for the moment this is assumed to be Germany.

INTERCONTINENTAL LINES.

There are two of these for the moment. Because of the importance of communications to
North America it scems probable that we should continue to have two. If Germany alone was
to pay for the line to Washington, instead of paying for an international line, then that would
only leave one line to be financed by the institutions in the remaining countries. This seems a
reasonable idea because the number of German institutions is large, so the cost to cach would
not be too high.

This method of distributing the costs is shown as model A in Tables 6.2 & 6.5. For com ‑
parison model B_shows the result of simply dividing the costs evenly between the countries.

In the model E, the cost of the lines is distributed on the basis the ratios of the ‘RARE
Keys’.2, The model F resembles model A except that the distribution of the cost of the inter‑
continental line from Montpellier is again done on the basis of the ratios of the “RARE Keys’.

Note: As Iceland is connected to EARN ona dial-up line and is a small user, I have limit‑
ed its contribution to sharing in the cost of the high speed intercontinental line.

Note: Any model for payment for these lincs will involve movement of funds between
EARN institutions in different countries. One reason being that many PTTs will n o t accept as
customers organizations located outside of their country.

COST OF THE ASSOCIATION.

Before this can bedetermined with precision we nced to know what the Association should be
doing in future. Some of the possible activites could also be financed in alternative ways, for
example, further EARN8x mectings should be financed by conference fees.

2
These have been agreed between the RARE members to determine their annual contributions i t s budgct.
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Furthermore, besides its current activities we should consider whether the Association
should or must be given the means to:

e Finance studies or development projects.

e Take over the roles of certain the IBM personnel who are at present working more or less
full time on EARN matters. (At present this represents approx. three man years

e Set up a management infrastructure.

All of these can involve very significant costs and I believe that it would be much better that
initiatives for this should come from the EARN membership when they sce the necessity.

4. TABLES.

The first four of the attached tables provide background information on the costs of interna‑
tional lines between the EARN countries. The last two sets of tables concern the costing of
two specific configurations of lincs, which contains no redundant lines, except the 64 kb/s. line
from Montpellier to New York.

Table 1. Basic data on the costs at each end of the international lines, in their local curren‑
cies.

Table 2. The costs in Table | converted into SFr.

Table 3. The total cost of the lines between countnes.

Table 4. The ratios of the charges made at cither end of the lines.

Note: In the Appendix there is a table showing the meanings of the country codes used in
this paper.

5. CONFIGURATIONS.

The Figure J. shows the configuration of the EARN lines as they are or will be in the immedi‑
atc future. Two other configurations are then presented with their costs distributed according to
the various models described above.

Figure 2. This shows the EARN lines ( C O N F2) after the introduction of higher speed
lines, the elimination of some redundant lines and some changes to reduce the
cost of particularly expensive lines.

Table §.2. Shows the configuration (CONF2) of the lines costed in Table 6.2, the first of the
countrics in each pair being the one who pays in the model A. T/I. indicates the
high speed line from Montpellier.

Table 6.2. Shows the costs for each country, for the four different models.

Figure 3. This configuration (CONF5) shows further changes in the lincs aimed at reduc‑
tion of cost, without taking traffic into consideration.
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Tables 5.5 & 6.5.
As for Tables 5.2 & 6.2 but for configuration CONFS.

Note: These tables only include line costs. other costs such as maintaining, for example,
national node computers are not included.

Note: The results presented in these tables should be taken with caution as some of the
data is uncertain.

2.3-Arrangements for Payment.

This topic nceds inuch more detailed consideration after the model of financing is fixed. However some
“guide lines’ are already clear.

° In general sites that will be making payments to say the PTT’s on behalf of EARN, ie. with
funds coming in part from other EARN sites and countries, will require that these funds are guar‑
anteed by agreements. These could be with EARN itsclf or bilateral agreements with other sites.

© Wherever possible for the international lines we should try to persuade the PTTs to let us make
the full payment for a line at one end or other of the linc.

° Where it will facilitate payments, setting up agreements and dealing with the PTTs, EARN should
be legally established in other countries.

e The above should be done in a way to minimise the movement of funds between countries.

3. Closing Remarks.

The models A and F are perhaps the easiest to explain to the member organizations, as they present
essentially the cost to connect to EARN for each country, that they must pay. The model E would
probably be more convenient for handling situations in the future where for reasons of traffic or per‑
haps reliability it is desirable to add extra lines or not to select the cheapest conncctions possible
between countrics. The configuration in Figure 3 shows what happens when one makes choices mainly
on the basis of cost, there is a concentration of connections at a small number of nodes located in
countnes whose PTTs have particularly favourable tariffs.

It is important that we do no t choose a configuration for the international lines purely on the basis
of cos t , a saving in one place could very well lead to a saturation of lines elsewhere; we must keep a
flexibility in our arrangements that allows us to finance cxtra or faster lincs if saturation is occurring.

With the assumptions described above, where a great deal of the solution of the detailed problems
is left up to the individual countries, the problem of financing EARN is certainly soluble dunng 1988
when volume and time charges are should no t be a significant factor.

However, once they do become significant we will be obliged to solve the problems involved in
charging institutions for the transmissions they originate and, in some cases. receive as well, even if they
are in a region where volume charges are yet applied by their PTT. There are clearly solutions to these
problems but they will not be very convenient as, for cxample, people will surely wish to confirm



EARN 1988 Financing page 6
a L L L

whether they accept to pay for an in-coming call. This sort of thing will inevitably increase the admin‑
istrative overheads.

It is essential that the decision on how we are to finance the linc costs for 1988, be taken during the
Board meeting in May 1987. However the membership fcc issuc is less urgent and could well be a topic
to be discussed and voted on at the Annual General Mecting during EARN87.
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Main EARN Links at present. 1-5-87.

Reykjavik

Tronheim Helsinki.

Copenhagen

Nijmegen.

Washington

Darmstadt

~~Dublin ae

Vienna <

Heraklion

-‐ New York

S e e s Izmir
Pisa

Barcelona am
eo

re Abidjan
BE Fig. 1.

Tel Aviv

Refenevcs r o o r



Possible New Cofiguration ECONF2
of EARN Main Links,

Reykjavik ae

Tronheim

o Copenhagen

Nijmegen oy

- Washington ~

GAU 14.4 kb/s \
Darmstadt

~ Dublin
; = PAL Brusselsym

eS a
14.4 kbls 14.4 kb/s 2

_ Linz

Paris 5 on Geneva

Herakli

_ 14.4 kb/s ana.
New York
cuny . 56/64 kb/s ‐ Montpellier ), 14.4 kb/s

Barcelona Pisa
oe 14.4 kb/s

Tel Aviv a
Fig. 2.



Links in t h i s configu ra t i on and t h e i r c o s t s i n S F r . / y e a r .
86765
57386
74593

A
B
CH
CIV
D
DK
E
F
GB
GR
I
IRL
ISL
ISR
N
NL
P
S
SF
TUR
T/L

To t a l Annual Cos ts f o r t h e From_countries

ECONF2

180168
S A  1 6 6 1 1 9

63732
50629
63660
70699

130690
87745
23503

0
“188262

35945
62970
94243
31571
45301

167043
211800

M o d e l s :  A
A 97912
B 68533
CH 85741
CIV 191315
D 166119
DK 74880
E 61776
F 74807
GB 81847
GR 141837
I 98892
IRL 34651
I S L 11147
ISR 199410
N 47092
NL 74118
P 105390
s 42718
SF 56448
TUR 178190

To t a l In te rna t iona l Leased L i n e Cos ts :

B
99065
99065
99065
99065
99065
99065
99065
99065
99065
99065
99065
99065
10590
99065
99065
99065
99065
99065
99065
99065

7
7
3
3
9
7
3
9
9

7
9
7
3
7
7
3
7
3
7
7

TABEL 5.2

TABEL 6 . 2

E
90494
90494

120658
7541

150823
90494

120658
150823
150823
52788

150823
52788

7541
90494
90494

120658
52788

120658
90494
90494

S F r.

i n  S F r .
F

97768
68389
89263

181085
166119
74735
65299
81997.
89037

137108
106082
29922

916
199265
46947
77640

100661
46241
56303

178045

1892833



= Possible New Cofiguration = ECON
of EARN Main Links, )

Reykjavik Gg

Tronheim

Nijmegen|
pes

~ Washington

GWU 14.4 kb/s
- C

‘ Darmstadt

- =russelsDublin aks

~ ex 14.4 kb/s

- i Linz14.4 kb/s es

- 14.4 kb/s
Montpellier

New York
- a n y 56/64 kb/s ,

= Barcelona 14.4 kb/s . Pisa

Ss 14.4 kb/s
‐ Lisbon i Tel Aviv

3 Fig. 3. eo Abidjan oa



Links i n t h i s c o n fi g u r a t i o n and t h e i r c o s t s i n S F r. / y e a r .

ECONF5

A CH 85491
B GB 48838
CH D 74593
C I v F 180168
D USA 166119
DK GB 62412
E F 50629
F CH 63660
GB OF 49297
GR F 95712
I F 87745
IRL GB 23503
I S L § - 0
ISR F 188262
N 5 35945
NL GB 40434
P E 94243
5 DK 31571
SF § 45301
TUR I 167043
T/L F 211800

TABEL 5.5

To t a l Annual Cos ts f o r t h e From_countries in S F r.
Models: A B *Key E wKey F
A 96639 94325 4 . 7 86188 5 . 1 96494
B 59985 94325 4.7 86188 5 . 1 59840
CH 85741 94325 6 . 3 114917 6 .9 89263
CIV 191315 94325 0 . 3 7182 0 .4 181085
D 166119 94325 7 .9 143647 0 . 0 166119
DK 73559 94325 4 .7 86188 5 . 1 73415
E 61776 94325 6.3 114917 6.9 65299
F 74807 94325 7.9 143647 8 . 6 81997
GB 60445 94325 7 .9 143647 8 . 6 67635
GR 106859 94325 2.7 50276 3 . 0 102130
I 98892 94325 7.9 143647 8 .6 106082
IRL 34651 94325 2.7 50276 3.0 29922
ISL 11147 10590 0 . 3 7182 0 . 4 916
ISR 199410 94325 4.7 86188 5 . 1 199265
N 47092 94325 4 . 7 86188 § . 1 46947
NL 51582 94325 6 . 3 114917 6 . 9 55104
P 105390 94325 2 . 7 50276 3 . 0 100661
5 42718 94325 6 . 3 114917 6 . 9 46241
SF 56448 94325 4 . 7 86188 5 . 1 56303
TUR 178190 94325 4 .7 86188 5 . 1 178045

To t a l International Leased L i n e Cos t s : S F r . 1802774

TABEL 6.5



EARN (988 Financing page7
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Appendix A

Codes.

A u s t r i a .
Belg ium
Switzer land
I v o r y Coast
Germany
Denmark
Spain
France

GB- Grea t B r i t a i n
GR - Greece

I t a l y
I re land
Ice land
I s r a e l
Norway
Holland
Por tugal
Sweden
Finland
Turkey
Transa t lan t i c between France and t h e USA.
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EARN NETWORK STUDY

1, MANAGEMENT SUMMARY

The purpose of t h i s document is to analyse p r e s e n t EARN network from b o t h
economical and t e c h n i c a l v i e w p o i n t s .
From the techn ica l s tandpoint the g o a l i s t o cope w i t h the a n t i c i p a t e d
t r a f fi c growth o f the n e x t years b y a d j u s t i n g the network meshing t o t h e
t r a f fi c fl o w s and b y u s i n g t h e s e r v i c e s b e s t s u i t e d t o t r a f fi c volumes.
From t h e economical standpoint the approach is to o p t i m i z e the use of
i n t e r n a t i o n a l l i n e s prov ided b y t h e PTTs.
The proposed so lu t i on i s t o implement a h i e r a r c h i c a l network u s i n g p r i v a t e
leased l i n e s w i t h three l e v e l s :

1 . A h i g h t r a f fi c t r a n s i t ne twork
2 . Reg iona l nodes h a n d l i n g t h e t r a f fi c o f ne ighbour ing c o u n t r i e s and a c t i n g
a s g a t e w a y s t o t h e h i g h t r a f fi c network
3 . I n d i v i d u a l c o u n t r y nodes a c t i n g a s g a t e w a y s t o t h e r e g i o n a l nodes f o r t h e
n a t i o n a l t r a f fi c

The h i g h t r a f fi c t r a n s i t network cou ld u s e , when t r a f fi c w i l l r e q u i r e s o ,
t h e 6 4 kbps f u l l duplex s e r v i c e which i s g o i n g t o b e made a v a i l a b l e b y t h e
European PTTs ( A r t e r e s Numeriques t e r r e s t r e s by French DTRE)
A s t h e network i s e x c l u s i v e l y used f o r batch t r a f fi c t h e v a r i o u s nodes a r e
u s i n g "store and forward" p r o t o c o l s . The e l i g i b l e r e g i o n a l nodes f o r t h e
h i g h t r a f fi c t r a n s i t network a r e :

- M o n t p e l l i e r
-Geneva
-Darmstadt
-London

The o t h e r nodes can b e e i t h e r d i r e c t l y l i n k e d t o t h i s h i g h t r a f fi c network
o r , f o r reduc ing the l i n e charges, connected to another node a c t i n g l i k e a
r e g i o n a l node.

Imp lementa t ion o f t h i s s o l u t i o n can be s t a g e d and each s t a g e is descr ibed
as an independent s c e n a r i o . C o s t b e n e fi t s of each s c e n a r i o a r e eva lua ted and
s h o u l d h e l p t h e d e c i s i o n making. I t is n o t mandatory t h a t implementat ion
f o l l o w s t h e sequence o r d e r o f t h e s c e n a r i o s a l t h o u g h t h i s would b e p r e f e r a ‑
b l e .

Network management should be an almost r e a l t i m e process f o r a d j u s t i n g t h e
ne twork r e s o u r c e s ( l i n e s and assoc ia ted t r a n s m i s s i o n equipment l i k e modems
and f r o n t - e n d p r o c e s s o r s ) t o the t r a f fi c r e q u i r e m e n t s . Thus g r e a t a t t e n t i o n
shou ld b e p a i d i n t h e f u t u r e t o t h e c o l l e c t i o n and a n a l y s i s o f the da ta r e ‑
l a t e d t o t r a f fi c , i n c l u d i n g whenever p o s s i b l e t h e i n d i c a t i o n o f t h e o r i g i ‑
n a t i n g and t e r m i n a t i n g p o i n t s i n o r d e r t o c l o s e l y t u n e t h e ne twork a c c o r d i n g
t o t h e o f f e r e d t r a f fi c . F a i l i n g t o d o s o w i l l e i t h e r i n c r e a s e t h e a m o u n t p a i d
f o r t h e l i n e s ( a d d i t i o n a l l i n e s subscr ibed when e x i s t i n g ones a r e i n e f f e c ‑
t i v e l y used ) o r g e n e r a t e p e r i o d s o f t i m e d u r i n g which t h e network i s c o n ‑
g e s t e d .

The fi r s t rough t o t a l sav ings suggested in t h i s document a m o u n t to 13 p e r c e n t
of t h e t o t a l amount p a i d in March 1987 f o r PTT l i n e s . At t h e same t i m e t h e
n e t w o r k s t r u c t u r e based o n t h i s s o l u t i o n becomes b e t t e r adapted t o t h e
t r a f fi c flows as recorded in t h e p e r i o d 1986 up to e a r l y 1987.



FROM TRAFFIC |ANNUAL B I L L } TAXES
LOAD ( 1 ) ( 2 ) ( 3 ) ( 4 )

2. EARN NETWORK TRAFFIC AND LINE CHARGES (1987)

PARIS BRUSSELS 31195

MONTPEL BARCELONA 42613

NIJMEGEN | DARMSTADT 37433

LISBON BARCELONA 55163

LONDON GENEVA 42462

MONTPEL GENEVA 37616

LONDON 9707DUBLIN

GENEVA PISA 55367 NO 18%

61657GENEVA STOCKHOLM NO

GENEVA DARMSTADT 44309

LINZ DARMSTADT 52580

38264 TAX INCLUDEDCOPENHAG | DARMSTADT

STOCKHOLM 20536 TAX INCLUDEDTRONDHEIM

STOCKHOLM | HELSINKI 24360

HERAKLION 67109

TEL-AVIV

PISA

182071PISA

PISA IZMIR 93401

111620 TO BE REMOVEDPISA USA (NYC)

MONTPEL USA (NYC) 137616 TO BE ADDED

MONTPEL ABIDJAN 123732 To be added

DARMSTADT |USA (WASH.) 124748

REYKJAVIK | STOCKHOLM Swi t ched

Notes:
1 . The t r a f fi c l o a d i s expressed a s a p e r c e n t a g e o f a t h e
maximum t h e o r e t i c a l t r a f fi c t h a t a 9 . 6 kbps l i n e can h a n d l e . The maximum
fi g u r e i n t h i s case i s 3110 Mbytes p e r month.
2 . The a n n u a l b i l l i s expressed i n U S d o l l a r (See Chapter 3 . C u r r e n c i e s
exchange r a t e s )
3 . Tax a p p l i c a b l e i n the c o u n t r y o f o r i g i n ( F i r s t column f rom t h e
l e f t l a b e l l e d FROM). See Chap te r 9 . Impac t o f t a x e s .
4 . Tax a p p l i c a b l e i n the c o u n t r y o f d e s t i n a t i o n (Second coiumn
f r o m t h e l e f t l a b e l l e d TO) . See Chapter 9 . Impact o f t a x e s .



From Financ ia l Times dated 12th/Mar/87

3. CURRENCIES EXCHANGE RATES

1 US Do l la r equals:

A u s t r i a
Belgium
Denmark
F i n l a n d
France
Germany
Greece
I r e l a n d
I s r a e l
I v o r y C o s t
I t a l y
Netherlands
Norway
P o r t u g a l
Spa in
Sweden
S w i t z e r l a n d
Turkey
U n i t e d Kingdom

13
38

6
4

.05
-61
98
54
.18
.86
91

S c h i l l i n g
Franc
Krone
Markka
Franc
Deutsche Mark
Drachma

-694 Punt
.62
-5

79

New Shekel
C . F. A . France
L i r a
G u i l d e r
Krone
Escudo
Peseta
Krona
Franc
L i r a

.627 Pound S t e r l i n g



4. TRAFFIC STATISTICS

AUSTRIA

To t a l monthly
averaged ove r

Germany

BELGIUM

To t a l month ly
averaged o v e r

Belgium

DENMARK

To t a l month ly
averaged over

Germany

FINLAND

To t a l month ly
averaged o v e r

Sweden

FRANCE

To t a l monthly
averaged o v e r

t r a f fi c ( s e n t + r e c e i v e ) p e r
the per iod J u l y 86 / Dec 86

109 Mbytes

t r a f fi c ( s e n t + r e c e i v e ) p e r
t he pe r i od Jan 87 / Feb 87

140 Mbytes

t r a f fi c ( s e n t + r e c e i v e ) p e r
t he pe r i od J u l y 86 / Dec 86

50 Mbytes

t r a f fi c ( s e n t + r e c e i v e ) p e r
t h e p e r i o d Jan 8 7 / Feb 8 7

350 Mbytes

t r a f fi c ( s e n t + r e c e i v e ) p e r
t h e p e r i o d Jan 8 7 / Feb 8 7

Belgium 140 Mbytes
Spain 95 ‑
Swi tzer land 390 ‑

GERMANY

To t a l month ly
averaged o v e r

t r a f fi c ( s e n t + r e c e i v e ) p e r
t h e p e r i o d J u l y 8 6 / Dec 8 6

A u s t r i a 109 Mbytes
Denmark 50 ‑
Nether lands 40 ‑
S w i t z e r l a n d 1337 ‑
USA 715 ‑

GREECE

o r i g i n / d e s t i n a c i o n

o r i g i n / d e s t i n a t i o n

o r i g i n / d e s t i n a t i o n

o r i g i n / d e s t i n a t i o n

o r i g i n / d e s t i n a t i o n

o r i g i n / d e s t i n a t i o n

To t a l m o n t h l y t r a f fi c ( s e n t + r e c e i v e ) p e r o r i g i n / d e s t i n a t i o n
averaged ove r

I t a l y

t h e p e r i o d Jan 8 6 / Sep 8 6

10 Nbytes


