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Abst ract .

In terconnect ing packet  switch ing networks may be a  puzzle, when  they
are bu ilt  as stand a lone objects, and mix var ious other  funct ions
with  the t ranspor t  of packets. In  working out  in terna t iona l standards,
agreement  will likely be reached over  a  min imum set  of basic characte-
r ist ics, such  as : - adressing plan , - packet  size, - header  format ,

- account ing. And packet  t ranspor t  will be the basic service. This
a llows each  network to keep complete au tonomy in  in terna l design ,
technology, and opera t ion . With  a  h iera rch ica l address space, packets
can  be sh ipped across networks a t  a  min imum overhead. Opt ions in
header  format  ca ter  for  shor ter  or  longer  subscr iber  addresses,
depending onnetwork size. The maximum length  of in format ion  car r ied
with in  a  packet  would be 255 octet s. With  a  limited set  of const ra in t s,
an  aggrega te of networks behave as a  single logica l network, ca lled
CATENET. In ter facing with  exist ing networks usua lly requires a  fron t
end ndaptor , or  ga teway, to wr^ p CATENET packets in to loca l formats,
un less the standard format  is accepted in terna lly. Other  specific
services, such  as end-to-end cont rol, a re to be stopped a t  the

ga teways so tha t  they do not  in ter fere with  CATENET workings.
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.1. INTRODUCTION.

Packet  switch ing networks a re presen t ly being built  without  apparen t
concern  for  in terconnect ion . Thought  ou t  as stand a lone objects, they

are not  even  fit  for  connect ion  with  a  twin-network, which  is a  t cll-

ta le of egocent r ic design . Simila r it ies between  networks a re mislea-

ding, since they h ide differences in  the deta ils, and a  sophist ica ted
logic seems to be required in  order  to in ter face them. Actua lly no

exper iment  has yet  been  per formed to assess th is very possibility.

Most  of the apparen t  difficu lt ies stem from peculia r  funct ions which
are not  mandatory fea tures of a  packet  switch ing service. They smack

more of accidenta l design , ra ther  than  in t r isic requirement . In  th is

ca tegory fa ll vir tua l circu it s, end-to-end acknowledgements, buffer

a lloca t ion , and the like. As a  close examina t ion  revea ls, packet

switch ing would not  be the least  impaired, should these funct ions be
left  ou t . On 'the other  hand, any end-to-end funct ion , which  users

.might  desire, can  be implemented over  one or  severa l networks a t  the

user  in ter face.

Assuming tha t  a  network per forms packet  switch ing st r icto sensu , in ter -)
facing with  a  kin  tu rns ou t  to be a  t r ivia l mat ter , as long as a
minimal agreement  has been  reached for  packet  formats. This paper

poin ts ou t  the major  facets of a  solu t ion  to in terconnect ion . More

deta ils can  be found in  ref. .

2. TERMINOLOGY.

- Packet  Switch ing Network (PSN) . A set  of communica t ions computers
(nodes) connected via  physica l circu it s, and car rying bit  st r ings
using a  store and forward technique.

- Packet . A bit  st r ing exchanged between  nodes of a  par t icu la r  PSN.

- Message. A bit  st r ing exchanged between  a  PSN and an  externa l device,!
(computer  or  other  PSN) .

I

- Ga teway. A par t icu la r  node capable of sending/receiving messages,

- Ca tenet . An abst ract  PSN resu lt ing from the juxtaposit ion  of severa l
PSN's.

This terminology is used in  the presen t  paper . Readers should be aware
tha t  differen t  au thors may use differen t  words, or  mean  differen t
th ings with  the same words.
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3. TRANS-NKTWORK SERVICES.

These a re the services expected across severa l in terconnected networks

(Catenet ). The min imum basic_service is the capability to send a  messa-
9e to a  dest ina t ion , given  a  globa l address understandable by the
t raversed networks. Message conten ts should be delivered una ltcred as

an  exact  copy of the sender 's message.

Some cont rol services may be desirable, such  as echoing, t racing, t i-

ming, account ing. Due to the independent  design  of each  network, some

var ia t ions a re likely to occur , and it  is more difficu lt  to define
standard services, a lthough some proposa ls a re made in  ref. .

Other  services such  as end-to-end cont rol a re not  expected from

Catenet . They may be implemented as added services on  a  mutua l agree-
ment  basis.

E .g. some exist ing or  planned networks offer  services such  as vir tua l
circu it s, end-to-end flow cont rol, shor t  addressing, hot  circu it s,

broadcast ing, mailboxes, mult iple addresses, etc... It  is not  our

in ten t  to discuss the appropr ia teness of any par t icu la r  proper ty. But
since they a re likely to be just  a  lit t le differen t  from one network
to another , a t  best , they should be considered as loca l fea tures to be
ignored when defin ing a  genera l t rans-network service. Of course, the

fact  of not  using them must  not  require any peculia r  set  up, from the
externa l user  standpoin t . Pract ica lly speaking, it  is more rea list ic
to seek a  mult i-network agreement  based on  a  min imum service, ra ther

than  a  maximum.

4. ON GATEWAYS.

When it  comes to link networks, one approach , which  is often  advoca ted,
consist s in  sh ipping messages th rough ga teways in  charge of in ter facing
between  networks.

Gateways would look like a  host  for  each  network, i.e. receive and
forward messages, exchange adequa te signa ling informat ion , per form some
er ror  and flow cont rol, account ing, etc. In  other  words, a  ga teway

could be viewed as two hosts face to face, (fig. D.

One might  th ink of ga teways as nodes of a  super -network, in  which
t ransmission  lines happen  to be loca l networks. Then , one could imple-
ment  with in  ga teways whatever  proper t ies should be deemed fit  for
in ter -network communica t ions, using more or  less of the loca l fea tures
to car ry messages between  ga teways.

ft

Actua lly,- th is last  approach  boils down to the const ruct ion  of yet
another  network, and u lt imate a t  tha t . The very feasibility of such
an  object ive can  be ser iously in  doubt . Should network in ter -connect ion







depend on  a  un iversa l network, sch isms would indefin itely ra ise the
problem one level up.

This is not  to say tha t  a  genera l in ter -network agreement  will never
happen , bu t  tha t  it  will happen  gradua lly, sta r t ing with  a  few recom-
mendat ions on  fundamenta l issues, ra ther  than  a t tempt ing to design  a

universa l network whereas hardly any has reached out  an  exper imenta l

stage.

A simpler  approach  is to consider  ga teways as mere ga tekeepers, in
charge of looking a fter  individua l messages, to make sure tha t  they
are acceptable. It  bears some simila r ity with  the policeman a t  the
border . Each  PSN is per fect ly en t it led to protect  it self from undesi-
rable t ra ffic, and to check message formats as aga inst  loca l regula -

t ions. Of course, a  set  of in terna t iona lly or  widely agreed tolerancies
should be offered by each  PSN to en ter ing t ra ffic. Or  else, it  would
belong to those peculia r  networks, which  messages had bet ter  keep away
from.

What  funct ions should be implemented in  ga teways in  actua lly loca l PSN
business. The only requirement  is tha t  opposite ga teways in ter facing
two networks should agree on  a  common t ransmission  procedure. But  th is

is merely a  border  problem, not  a  wor ld-wide issue.

5. CATENET STRUCTURE. . i

Catenet  is an  aggrega te of independent  PSN's. Each  one reta ins complete
au tonomy in  in tern?.! design , cont rol mechanisms, and opera t ion . The

only const ra in t  is to be able to car ry messages th rough, using a
standard messagf format . On the other  hand, with in  their  own boundar ies,
PSN'y may car ry loca l t ra ffic using whatever  loca l format  they may
desire. PSN's may bfi physica lly connected through direct  circu it s
between  nodes. They only need agree on  a  loca l t ransmission  procedure

for  each  circu it . Any pa ir  of PSN's may be connected through severa l
circu it s, (fig. 2).

While Catenet  should be idea lly a  mere piecing together  of independent
PSN's, it  should nonetheless display a  consisten t  behavior  equiva len t
to a  un ique simple PSN. This cr iter ion  will be exercised to assess the
va lidity of it s funct iona l st ructure.

On the other  hand, no assumpt ion  is made about  the par t icu la r  t echniques
used in  each  PSN to car ry messages th rough. They may be fragmented in
severa l packets, and reassembled in  an  ou t -ga teway. Or  severa l may be

bundled in to a  single packet , and unbundled la ter  on . Vir tua l circu it s
may be set  up, if th is appears desirable, etc... As seen  as Catenet  com-

ponents, PSN's a re on ly supposed to car ry independent  messages, no mat ter
how they do it .



6. NAME SPACE.

6.1. Networ^ hlera rc^ y :

When a  message t ravels with in  a  PSN toward another , there is no need
to in terpret  the dest ina t ion  address any more than  required to find an
appropr ia te ga teway in  the cor rect  direct ion . Put t ing ga teway names
in  addresses is unacceptable, as it  would t ie up addressing, and
network topology. Thus, on ly PSN names should be used as Catenet
addresses. Deliver ing a  message to a  fina l dest ina t ion  is ca r r ied ou t

only by the fina l PSN.

So as to a llow each  PSN to segrega te easily Catenet  and loca l address
formats, a  complete Catenet  address is st ructured as follows :

<Format> <PSN name> <loca l name>

The fir st  two components may be of fixed length , since the tota l
number  of PSN's is roughly predictable. The loc^ l name is to be of
var iable length , in  order  to accomodate loca l requirements.

6.2. Area  h iera rchy : . >•

Depending on  loca l PSN author it ies, PSN addresses may well be st ructu-
red with  an  a rea  name and a  loca l subscr iber  name. This stems direct ly

from designing a  PSN a long the same lines as Ca tenet , i.e. as an  aggre-

ga te of loca l, a rea  networks.

If it  happens tha t  loca l t ra ffic makes up a  sign ifican t  fract ion  of the
tota l t ra ffic, then  shor ter  addresses may reduce message overhead, and
simplify the design  of equipment  in tended only for  loca l, t ra ffic.

To the exten t  tha t  adjacent  or  over lapping PSN's comply with  a  homocje-
neous format , an  a rea  may well belong to differen t  PSN's, or  st raddle
over  boundar ies. This is most  convenien t  for  subscr ibers which  can  be

known by the same name with in  differen t  PSN's, or  can  be reached with
shor t  addresses from an  adjacent  PSN, as if they were in  the same net .

But  a ll tha t  is just  bor rowing from the telephone system, which  is an
in terest ing and sophist ica ted model.

6.3. Pr iva te h iera rchy :

Car rying th is scheme one step fur ther , a  PSN subscr iber  may be a  pr iva-
te network, using the remain ing par t  of the loca l address to rou te a
message toward a  fina l sub-subscr iber .

6.4. Address format  :

Some specific sizes must  be proposed for  the fields of an  address, in
order  to visua lize what  th is scheme might  tu rn  ou t . •



Since addresses may have to be composed from keyboards or  panels, and

are likely to be displayed on  diagnost ic equipment , it  appears conve-
n ien t  to use digit s, decimal or  possibly hexa . Of course a  conversion

logic might  well t ransla te in terna l formats in to human readable ones,
and vice versa . But  if it  happens not  to waste any sign ifican t  band-
width , it  is probably simpler  to keep in terna l formats as readable as
possible.

F ields could be as following :

- Format  (1 digit )

0 loca l PSN address
= 1 1-digit  globa l name :
= 2 2-digit  " " ;
= 3 3-digit  " " • '

= 4-F resE^ rved for  fu ture use

- Globa l name (1-3 digit s)

= 1-9 very la rge common car r ier  or  PTT network, (cont inenta l)
= A-F " " well known network .

= 10-99 common car r ier  or  PTT na t iona l network ;

9A-FF well known in terna t iona l network ;

100-FFF reserved for  fu ture use :

- Loca l name (1-10 digit s)

No par t icu la r  standard is imposed, as it  rela tes to loca l PSN
character ist ics. However , it  would probably be convenien t  to a lloca te
names a long the preceding lines, see e.g. ref. .

To sum up, the address size would be 3 to 14 digit s, depending main ly
on  loca l name format . Except  for  the dest ina t ion  PSN, other  networks
would only be concerned with  format  and globa l name, i.e. 2 to 4
digit s. This should be qu ite economica l.

6.5. Remarks :

This quest ion  of number ing plan  has been  ana lyzed in  the context  of
packet  switch ing. Actua lly it  applies verba t im to any type of da ta
t ransmission  network. In  the case of a  (vir tua l or  physica l) circu it -
minded network, the set t ing up of a  ca ll implies the rou t ing of one
or  severa l in it ia l messages, based on  some genera lly understood
addressing plan . Only a fter  th is in it ia l opera t ion  can  messages be
routed in  reference to an  established circu it , instead of a  fu ll
dest ina t ion  address. Therefore, the issue of an  in terna t iona l addres-
sing plan  could be studied quite independent ly of t ransmission
techniques, and in ter face problems.



7. PACKET IDENTIFICATION.

In  order  to insure message t ransfer  reliability some naming scheme is

required to iden t ify individua lly each  message between  source and
dest ina t ion . This is the on ly pract ica l way to pinpoin t  lost  or
duplica te messages,3 . No mat ter  how reliable each  network au thor ity

will cla im to be, it  should be expected tha t  end users will rely
pr imar ily on  their  own er ror  cont rol machinery when using Cafcenet

services. Consequent ly they will have to reserve a  name field with in

each  message. This is typica lly what  is ca lled a  sequence number  in
convent iona l t ransmission  procedures.

Fur thermore, occasiona lly there will be some arguments between  networks

and users about  weird t ra ffic behavior . Trouble t racing requires some

message ident ifier . It  does not  have to be un ique network-wide as long

as there is a  sufficien t ly low probability to find the same in  a
differen t  message. If they occur , ambiguit ies a re resolved by looking
a t  other  fields. In  an  other  domain  th is would be ca lled an  audit  t ra il.

Pu t t ing the iden t ifier  in  the text  field would be undesirable, as
PSN's should look a t  t ext  as a  sea led envelop, possibly encrypted.
Fur thermore, everyone's need being about  the same, a  fixed length

field should fit . 12 to 16 bit s a re a  reasonable figure.

8. NETWORK FACILITIES.

Although it  is somewhat  ea r ly to propose standards for  network facili-
t ies, it  is clea r  tha t  every network needs var ious opt ions accessible
from possibly pr ivileged subscr ibers, for  main tcncince, sta t ist ics,
t rouble-shoot ing, etc... Thus, a  field should.be reserved for  each

PSN convenience.

Account ing is a  fa r  from set t led issue. Since the service offered may
vax-y with  pr ior ity, rou t ing, t ra ffic schedule, to name but  a  few
factors, it  is to be expected tha t  t a r iffs will not  be based only on  a
fla t  ra te per  packet . Therefore some field should be assigned to con-
t rol var ious parameters yet  to be determined.

More cont rol in format ion  could be added for  custom ta ilored services,

e.g. end-to-end er ror  and flow cont rol, message sequencing, character
t ransla t ion , delivery confirmat ion , etc... It  is fa r  from clear  tha t

user  requirements can  be determined a  pr ior i. Consequent ly, a  conser -

va t ive approach  is to leave thdt  quest ion  open . A few spare bit s, and
the possibility to define addit iona l formats in  the fu ture a re likely
enough a t  the presen t  t ime.

More deta iled discussions on  network facilit ies can  be found in  ref. .



9. MESSAGE FORMAT.

9.1. Text  :

Since fragmenta t ion  and reassembly of da ta  it ems a re to be necessary
funct ions of subscr iber  protocols, no fur ther  fragmenta t ion  appears to

be desirable a t  PSN level. However  each  PSN is en t irely free to do so,
if it  wishes, as long as it  delivers una ltered messages to the next  PSN.

Consequent ly, a  substan t ia l saving in  overhead would resu lt  from a

standardized maximum.text  size, fit t ing with in  a  single packet . A
present  t rend is 255 octet s,4'5'6'7.

This message size is sligh t ly longer  than  exist ing packet  sizes, so
tha t  no fur ther  fragmenta t ion  would be necessary. Fur thermore it  is
reasonably efficien t  in  terms of bandwidth  and t ransit  t ime. Anyhow,
noth ing prevents subscr ibers to dispa tch  shor ter  messages if they
rea lly want  shor ter  t ransit  delays.

On the other  hcind, it  is contended tha t  rest r ict ing a ll messages to be
shor ter  than  256 octct s v/ou ld not  a llow using la rger  sizes such  as
Arpanot  (about  1000 octct s) . This is actua lly not  a  PSN in tcrcon-
nect ion  issue, since the Arpanet  packet  i*s on ly 1000 bit  long ; it  is
ra ther  a  host  in ter face issue. As fa r  as packet  switch ing is concerned,

PSN's using longer  messages should on ly break them in to Catenet  messages,

when  handling outbound t ra ffic. No problem would a r ise with  inbound
t r a ffic. . •  . :

As it  should be obvious now, the problem does not  lie in  car rying
messages across PSN's, bu t  in  host -to-host  protocols, since there is no

longer  a  one-to-one cor respondence between  messages sen t  and received.

But  th is would be the subject  of another  paper . ;

9.2. Header  : ;
I

Since hosts will have differen t  word length , it  is not  super fluous to
reduce format t ing overhead in  t rying to match  somehow header  and word
length . In  tha t  respect , some in terest ing header  lengths a re :

. 72 = 9 octct s, mult iple of 6 8 12 18 24 36
96 = 12 " " 6 8 12 16 24 32

. 120 =15 " " 6 8 12 24 60

. 128 = 16 " " 8 16 32

. 144 =18 " " 6 8 12 16 18 24 36 i

Therefore, recommended sizes could be 9, 12, 15, 18 octet s. But  th is is
just  for  host  convenience, and has no effect  on  Catenet  workings.

A suggested header  format  is on  fig. 3,it  is based on  the following
lines ;

. fixed size fields a re a t  the beginning, to reduce parsing overhead.

. fields fit  in  8- or  16-bit  word boundar ies, since switch ing nodes a re
likely to be tha t  kind of computers.



. format  in format ion  is loca ted n t 'the beginning in  order  to direct
parsing more easily in  case of mult iple formats.

. cont rol in format ion  is ga thered in  one field, in  order  to facilit a te
a  redefin it ion  of it s components, if a t  a ll necessary.

. globa l, addresses a re pu t  together  before loca l addresses, because

the former  a re Catcnet  standards, while the la t ter  concern  on ly end

networks. On th is way globa l addresses may be ident ified easily
without  knowing aboufc loca l naming schemes. Fur thermore, by mutua l

agreement  between  cor respondents, loca l addresses may extend in to

the text  field without  requir ing any pr ior  Ca tenet  a r rangement . This
is par t icu la r ly usefu l for  network hosts, or  simply mult iple subs-
cr ibers host s, which  need to append some in t r insic addresses to
loca te the fina l recipien t  of a  message. '

. dest ina t ion  precedes source, as it  will likely be processed more
often  in  the switch ing machinery.

Reserved for  loca l PSN

Header  format

Header  length  (-8 octet s)

Text  length  (octet s)

Message ident ifier

Loca l PSN cont rol

Echo

Trace

Other  funct ions

Globa l dest ina t ion  format

address

" source format

" address

Loca l dest ina t ion  address

" source address

Fig.

4

4

4

4

3 -

to

to

to

to

Bit s
2

2

4

8

16

3

1
1

11

4

12

4

12

40

40

(CT

en

.cm
c

L

KXS

a
a

[;

I—I
I.

I—I
t:

E

Header  format

3
3

J

J

J

J >.

2.

The header  length  var ies from & minimum 64 bit s up to a  maximum 160
bit s. It  actua lly conta ins 4 major  fields ; -formats, -cont rol,
-Catenct  addresses, -PSN addresses.



The format  proposed here might  seem bulky. But  it  is not  so much. a fter

a ll. With  typica l 12-bit  PSN names (2 digit s + format ) the fir st  .9
oct ft s a re a ll tha t  is necessary to rou te a  message across Catenet .

This a lso happens to be a  recommended size. The rest  of the header  is

actua lly devoted to the user  (host , subscr iber ). It  can  conta in  por t  or

process names which  must  be t ransmit ted anyway. With  the presen t  scheme

users can  take advantage of the header  format  flexibility to make text
length .a lmost  fixed, ra ther  than  chop it  down for  in terna l addressing
needs. This would help compat ibility between  network applica t ions and
services.

10. l;!RTWORK CONTROL.

10.1. Signa ling :

It  may happen  tha t  some specific in format ion  will have to be exchanged
between  PSN's, rela ted or  not  to a  par t icu la r  subscr iber  message. Some

of it  may require Catenet  standards, or  just  mutua l agreement  between

direct ly connected PSN's. Not  enough exper ience is ava ilable to br ing
up any meaningfu l proposa l.

Never theless, steps should be taken  so tha t  signa ling be in t roduced
gradua lly, if necessary, with  exper ience being ga ined. A way to do just
tha t  is to consider  signa ling messages as regula r  t ra ffic sen t  to
specia l dest indt ions with in  PSN's, instead of ou tside.

In  other  words, par t  of the address space in  each  PSN would be reserved
for  in terna l components involved in  signa ling processing. This technique
systemat ica lly used in  Ciga le is h igh ly flexible, since it  does not
require an t icipn t ing a ll possible needs. Fur thermore, the address space
is la rge enough so tha t  a  sufficien t  chunk be reserved for  in terna l use
without  pu t t ing any rest r ict ion  on  subscr iber  services. F ina lly, no
addit iona l overhead is incur red in  switch ing signa ling informat ion .

10.2. Diagnost^ c_mGssages :

Customar ily PSN's send some er ror  messages back to the source whenever

they recognize condit ions precluding the cor rect  forwarding of a  regula r
message.

Even  in  the case of a  single PSN, it  is not  clear  whether  th is pract ice
is actua lly usefu l. This is even  more deba table in  Catenet , as it  could
ra ise a  ta r iff quest ion  about  whom should be charged for  diagnost ics
t ra ffic. Fur thermore, some precaut ions a re necessary so tha t  successive

fa ilu res do not  wind up in  pr iming a  message explosion . F ina lly, some
standardiza t ion  would be mandatory if they a re to be any usefu l for  end
recipien ts.

Consequent ly, it  is suggested tha t  diagnost ics messages be confined
with in  each  PSN. Their  propaga t ion  through Catenet  should not  be
a llowed unt il recognized necessary by exper ience.



10.3. Rout ing : '

Various rou t ing schemes10have been  and will be exper imented. Rout ing
informat ion  exchanqcd between  PSN nodes is both  sensit ive and ta ilored
to a  specific network. There is presen t ly no obvious necessity for

in tcr -connected PSN's to coopera te on  rou t ing, a lthough it  may appear

theoret ica lly a t t ract ive. As long as each  PSN can  find a  good pa th
through it self, one may conjecture tha t  the tota l pa th  is an  acceptable
solu t ion . This approach  lacks a  r igourous basis, it  resor t s more to

heur ist ics.

10.4. Congest ion  :

As for  rou t ing, it  is not  clear  how networks could coopera te, while
preserving their  au tonomy of management  and in terna l st ructure. The

most  rea list ic approach  is to leave each  PSN responsible for  figh t ing
it s own congest ion , as it  should do in  any case. It  has been  shown
tha t  congest ion  can  be under  cont rol without  requir ing any specific
USER-PSN in ter face. Owing to t ransmission  procedures, no message can

enter  a  PSN without  being explicit ly a llowed. Thus, it  is a  mat ter  of
loca l PSN resource management  to a llow in  t ra ffic on ly to the extan t
tha t  it  does not  deter iora te th roughput . Although th is is st ill a
research  problem, simple mechanisms can  be used to prevent  congest ion .

They could cer ta in ly be more efficien t . With  more exper ience PSN's will
accept  h igher  t ra ffic load without  get t ing congested, and th is will be
a lso reflected a t  Ca tenet  level. f

11. EX I STING NETWORKS.
I

Every standardiza t ion  process is caught  in  a  dilemma. Either  no imple-
monta t ion  exist s, and there is no exper ience to bu ild on . Or  there a re
a lready instc-»nccc; of rea l object s, and their  owners do not  want  to loso
their  investment . When it  is not  too ear ly, then  it  is too la te. Thus,
a  major  concern  is how to adapt  exist ing PSN's to meet  proposed stan-
dards a t  min imum cost .

Here appears the specia l role which  can  be devoted to ga teways. Instead
of being just  ga tekeepers, they can  act  as fron t  end adaptors, in  order
to make a  par t icu la r  PSN look as if it  would go by Catenet  standards.
E .g. wrapping Catenet  messages in to an  in terna l packet  frame, or

mapping Catenet  headers in to in terna l headers, or  genera t ing and
stamping out  in terna l PSN signa ling such  as RFNM's and simila r  species,
or  managing Specific in terna l resources like slot s, links, packet
numbers, buffers, etc... Loca l'fragmenta t ion  and reassembly handled

across a  par t icu la r  PSN are per fect ly acceptable, as well as any other
fea ture, insofar  as they do not  leak out  in to Catenet .



Physica lly, ga teways need not  be separa te pieces of hardware. They can
be inplemcntcd as addit iona l modules with in  regula r  PSN nodes, in
charge of "foreign  a ffa ir s" with  the Catenet  wor ld. Exper iments under

way between  CYCLADES n  and the NPL network should provide an  excellen t
oppor tun ity to assess the cost -effect iveness of the Catenct  approach .

12. CONCLUSIONS.

This paper  a t tempts to pu t  forward a  rea list ic scheme a llowing poin t
to poin t  message t ransfer  across severa l independent  packet  switch ing

networks. As can  be expected, th is requires a  common agreement  in

format t ing messages, bu t  const ra in t s a re min imized while preserving

implementa t ion  freedom and efficiency.

The proposed message format  should make unnecessary an  in terna l
reformat t ing or  wrapping a round, without  resor t ing to exot ic fea tures,
EO tha t  in terna l and t rans-network t ra ffic be handled by the same sim-

pie switch ing machinery.
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