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ABSTRACT 

The purpose o f  t h i s  paper  i s  t o  have a  c l o s e  look  a t  
t h e  c l a s s  of  problems t h a t  a r i s e  i n  t h e  i n t e r c o n n e c t i o n  of 
d i f f e r e n t  computer sys tems through a  packe t  sw i t ch ing  
network. 

The l a y e r e d  p r o t o c o l ' s  a r c h i t e c t u r e  i s  assumed t o  sep-  
a r a t e  f u n c t i o n a l l y  and t o  i d e n t i f y  t h e  t a s k s  t o  be performed 
i n  t h e  v a r i o u s  p a r t s  of t h e  network, e i t h e r  i n  t h e  packe t  
sw i t ch ing  subnetwork, o r  i n  t h e  end p rocesso rs .  Concepts 
a r e  t hen  i n t r oduced  t o  i d e n t i f y  t h e  c h a r a c t e r i s t i c  pa r -  
amete rs  o f  each  p r o t o c o l  l a y e r .  A f u r t h e r  s t e p  i s  c a r r i e d  
o u t  by c o n s i d e r i n g  a sample a r c h i t e c t u r e  b u i l t  on well-known 
p r o t o c o l s  a t  d i f f e r e n t  l e v e l s ,  up t o  t h e  t r a n s p o r t  l e v e l ,  
and deve lop ing  an a n a l y s i s  of  t h e i r  i n t e r a c t i o n  i n  o r d e r  t o  
i d e n t i f y  i n t e rdependenc ies  and c o n s t r a i n t  r e l a t i o n s  on t h e  
v a l u e s  o f  t h e  c h a r a c t e r i s t i c  pa ramete rs .  
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PROTOCOL PARAMETERS AND THEIR INTERRELATIONS I N  X . 2 5 ;  
INWG 96.1 SAMPLE NETWORK ARCHITECTURE 

A.  Butrimenko, G.  S c o l l o  

1 .  INTRODUCTION 

A s  computer networks con t i nue  t o  have an i n c r e a s i n g  
impact on communications and resou rce  s h a r i n g ,  t h e  need is  
growing f o r  a  u n i v e r s a l l y  a c c e p t a b l e  method of  d e s c r i b i n g  
t h e  means by which computer sys tems o f  d i f f e r e n t  s i z e  and 
manufac ture ,  and d i s p l a y i n g  d i f f e r e n t  f e a t u r e s ,  connected 
by a  s i n g l e  network,  can "speak" t o  each o t h e r  i n  o r d e r  t o  
encourage coope ra t i on  and t o  p rov ide  a l l ,  o r  a t  l e a s t  some, 
of  t h e  network u s e r s  w i t h  t h e i r  z e r v i c e s .  

The t r e n d  o f  e s t a b l i s h i n g  p u b l i c  d a t a  networks r a i s e s  
i n t e r n a t i o n a l  s t a n d a r d s  o f  computer communication and of  
"open network ing" .  Once a  s a t i s f a c t o r y  set  o f  s t a n d a r d s  
h a s  been agreed  upon, any d i g i t a l  d e v i c e ,  u s i n g  t h e  mini-  
mum amount o f  hardware/sof tware  r e s o u r c e s  r e q u i r e d  t o  com- 
p l y  w i t h  t h e  s t a n d a r d  r u l e s  o f  t h e  "co l loquy" ,  can c a l l  
any o t h e r  and i n t e r a c t  w i t h  i t .  

The d i s c u s s i o n  on "Open Systems I n t e r c o n n e c t i o n "  has  
a l r e a d y  l e d  i n t e r n a t i o n a l  s t a n d a r d i z a t i o n  b o d i e s  t o  i s s u e  a  
d r a f t  p roposa l  f o r  t h e  f o rmu la t i on  of  a  vocabu la ry  ( I n t e r -  
n a t i o n a l  Organ iza t ion  f o r  S t a n d a r d i z a t i o n  1978a [ r e f e r r e d  
t o  a f t e r  t h i s  a s  ISO]) and ,  what i s  more r e l e v a n t  t o  t h e  
purpose of  t h i s  p a p e r ,  a  "Reference Model" ( IS0  1978b) ,  
t o  be taken  i n t o  accoun t  f o r  t h e  implementat ion o f  Open 
Systems. The a r c h i t e c t u r e  o f  t h e  Reference Model c o n s i s t s  
o f  l a y e r e d  f u n c t i o n s  based upon c e r t a i n  major l a y e r i n g  con- 
c e p t s ,  some of which a r e  a s  f o l l ows  (F igu re  1  ) : 

1.  "The o p e r a t i o n  o f  a  l a y e r ,  i . e . ,  t h e  coope ra t i on  
between e n t i t i e s  i n  t h e  l a y e r ,  i s  governed by a  
set o f  p r o t o c o l s  s p e c i f i c  t o  t h a t  l a y e r " .  



2 .  "The f a c i l i t i e s  o f  one l a y e r  a r e  p rov i ded  t o  t h e  
n e x t  h i g h e r  l a y e r ,  u s i n g  t h e  f u n c t i o n s  per formed 
w i t h i n  t h a t  l a y e r  and t h e  f a c i l i t i e s  a v a i l a b l e  
f rom t h e  n e x t  lower  l a y e r " ;  

3 .  "An i n t e r f a c e  is t h e  means o f  access by which a  
p a i r  o f  e n t i t i e s  i n  a d j a c e n t  l a y e r s  use  o r  p ro-  
v i d e  s e r v i c e s " .  

Fo r  t h e  pu rpose  o f  computer  communicat ion, a  set  o f  s t a n -  
d a r d s  h a s  been e s t a b l i s h e d  o v e r  t h e  l a s t  f e w  y e a r s ,  a p p l y i n g  
t o  t h e  lower l e v e l s .  Fo r  example,  t h e  I n t e r n a t i o n a l  Te l eg raph  
and Telephone C o n s u l t a t i v e  Committee ( r e f e r r e d  t o  a f t e r  t h i s  
as CCITT)  Recommendation, X.25 (CCITT 19771, cove rs  t h e  l owes t ,  
p h y s i c a l ,  l e v e l  o f  p r o t o c o l s ,  a  b i t - o r i e n t e d  p r o t o c o l  a t  t h e  
second l i n k  l e v e l  (HDLC) and a  p a c k e t  exchange p r o t o c o l  a t  
t h e  t h i r d  l e v e l ,  i n t e n d e d  t o  g u a r a n t e e  t h e  r e l i a b l e  and se- 
q u e n t i a l  t r a n s f e r  o f  " p a c k e t s " ,  i . e . ,  d a t a - u n i t s  o f  maximum 
ag reed  l e n g t h ,  a c r o s s  t h e  p h y s i c a l  i n t e r f a c e  between t h e  com- 
p u t e r  - o r  DTE: Data Termina l  Equipment - and t h e  access 
p o i n t  o f  a p u b l i c  d a t a  network - o r  DCE: Data C i r c u i t - T e r -  
m ina t i ng  Equipment - ( F i g u r e  2 ) .  However, t h e  r equ i r emen ts  
o f  t h e  r e l i a b l e  t r a n s f e r  o f  l a r g e r  d a t a - u n i t s  t h rough  t h e  
network f rom one DTE t o  a n o t h e r ,  t h e  r ecove ry  f rom network 
f a i l u r e s ,  and t h e  s e l e c t i o n  from among d i f f e r e n t  c o m u n i c a t i o n  
"modes" o f  t h o s e  which f i t  i n  w i t h  a  v a r i e t y  o f  u s e r  t r a f f i c  
p a t t e r n s ,  shou ld  a l l  be  accompl ished by a  f o u r t h  l a y e r  o f  end- 
to-end p r o t o c o l s .  T h i s  l a y e r  i s  c a l l e d  t h e  " T r a n s p o r t  Layer "  
i n  t h e  Re fe rence  Model. 

The l ong  d e b a t e  which has  p receded ,  accompanied and 
fo l l owed  X.25 i s  a l r e a d y  well-known (Pouzin 1976) .  The most 
c o n t r o v e r s i a l  p o i n t  h a s  been t h e  m a t t e r  t h a t  X.25 networks  
p rov i de  t h e i r  u s e r s  w i t h  a  v i r t u a l - c i r c u i t  (VC) s e r v i c e ,  a t  
t h e  expense o f  a more complex imp lementa t ion  o f  t h e  network 
i n t e r f a c e  i n  t h e  DTE, a s  w e l l  as t h e  d e c r e a s e  i n  t h e  e f f i c i e n -  
cy  o f  t h e  communicat ion subnetwork (Butr imenko and S i c h r a  
1979) .  The need f o r  t h e  complementary s t a n d a r d i z a t i o n  o f  a  
s i m p l e r  i n t e r f a c e ,  c a l l e d  "Datagram" ( D G ) ,  h a s  been e x p r e s s e d  
by many a r e a s ,  and it i s  now be ing  s t u d i e d  by v a r i o u s  s t a n -  
d a r d i z a t i o n  bod ies .  

A t  p r e s e n t ,  no s t a n d a r d  end-to-end p r o t o c o l  e x i s t s .  Out 
o f  t h e  v a r i o u s  p r o p o s a l s ,  t h e  document o f  t h e  I n t e r n a t i o n a l  
Networking Group ( r e f e r r e d  t o  a f t e r  t h i s  a s  INWG)  96.1 
(Cer f  e t  a l .  1978) - even a l t h o u g h  a d r a f t  p r o p o s a l  - is o f  
s p e c i a l  i n t e r e s t ,  f o r  t h e  f o l l o w i n g  r easons :  

a )  I t  i s  i n t e n d e d  t o  be  independen t  o f  t h e  d a t a  t r a n s -  
m i ss i on  s e r v i c e  c h a r a c t e r i s t i c s ,  i . e . ,  it can  b e  
implemented on t o p  o f  e i t h e r  a  Datagram s e r v i c e ,  o r  
a V i r t u a l  C i r c u i t  ( sw i t ched  o r  permanent)  s e r v i c e ,  
o r  a  R e a l  C i r c u i t  (HDLC) s e r v i c e ;  



b) Experience of its implementation does already 
exist: a subset of it - only in the "liaison 
mode" - is the end-to-end protocol of the 
CYCLADES network (Garcia et al. 1975), and a 
version very close to it has already been imple- 
mented on top of a Datagram service, and used as 
a basis for higher level protocols - up to the 
Application Layer - in an international experi- 
mental network, the European Informatics Network 
(Deparis et al. 1976). 

In the rest of this paper, the following "Sample Archi- 
tecture" (a partial one, i.e., up to the Transport Layer) will 
be taken into consideration: 

Hyp. 1. A packet switching network provides its users (DTEs) 
with an X.25 interface to the Data Transmission 
Service ; 

Hyp. 2. The INWG 96.1 is implemented on the DTEs to perform 
the Transport Layer functions. 

It is the opinion of the authors that the interconnection 
of the protocols belonging to different layers can have quite 
a strong influence on the actual implementation of each of them: 
it is felt that the values of some characteristic parameters of 
each protocol should be tuned - and, perhaps, dynamically up- 
dated - taking into account the available information on what 
is outside-the-border of the protocol layer. Quoting from the 
Reference Model, as an example, it is found that: 

"The Transport Layer is required to optimise the use of 
the available communications resources to provide the 
performance required by each communicating transport 
user at the minimum cost. This optimisation will be 
achieved within the constraints imposed by considering 
the global demands of all concurrent transport users 
and the overall limited resources available to the 
Transport Layer". 

The starting point is that, in the establishing of rela- 
tions between parameters, one must distinguish the design phase 
from the operational phase. 

In the design phase 

a) some parameter values can be assumed by means of a 
forecast (generally speaking, this means all the 
parameters that are strongly dependent upon what is 
outside-the-border of the Architecture, or of the 
part of it that is going to be designed); 

b) some others can be assumed as objectives (for 
example, some parameters that express the level of 
service provided to the users of the Architecture); 



c) some others have to be referred to as constraint 
values and, finally, 

d) other parameter values can be estimated - making 
use of theory and experience - in order to achieve 
those objectives (b), within those constraints (c) , 
and under those hypotheses (a) . 

In the operation phase, measurements can reveal that hy- 
potheses (a) need to be modified, and that objectives (b) can 
be improved, or must be reduced, within the constraints (-c), 
by a different setting of (d) parameters. 

In short, 

in the design phase: d = d(a,b,c) 

in the operational phase : b = b (a ,c ,d) 

where both a and b parameters can be measured in the operational 
phase, whilst they are assumed to be "a priori" in the design 
phase. 

Section 2 deals with some conceptual items that can be used 
generally to identify the characteristic parameters of a proto- 
col. In the remaining sections, these items are used to carry 
out an analysis of the Sample Architecture, and to show evidence 
of some constraint relations and interdependencies on the values 
of the characteristic parameters. 

2. CHARACTERISTIC PARAMETERS OF A PROTOCOL 

A variety of methods - generally speaking - can be used to 
describe a protocol: from the least formal, such as word des- 
cription, to the most formal methods, such as automata, grammars, 
etc., a wide spectrum of linguistic tools can be drawn upon. 
The importance of the word description is, however, fundamental, 
as the purpose o f a  protocol description is that can be cor- 
rectly implemented. For this reason, a correct and an as simple 
as possible understanding is required by the implementors. 

The word description can be accompanied - but not substi- 
tuted - by a more formal description, in order to avoid the mis- 
understandings that the ambiguity of natural language may 
generate. 

In every protocol description - be it a more or a less 
formal one - a set of variables can be found, the values of 
which do not determine the nature of the description itself 
(it is usually sufficient to mention their existence), but 
which can play a fundamental role in every implementation of 



t h e  p r o t o c o l .  A few exp lana to ry  p o i n t s  can l e a d  t o  more pre-  
cise concep tua l  d e f i n i t i o n s :  

A f o r m a l i s a t i o n  of  a  p r o t o c o l  c a r r i e d  o u t  by means 
o f  automata t heo ry  r e q u i r e s  a  number of  " s t a t e s "  t o  
be ass igned  t o  t h e  F i n i t e  S t a t e  Machine (FSM) rep re -  
s e n t i n g  t h e  coup le  o f  i n t e r l o c u t o r s  t h a t  f o l l ow  t h e  
r u l e s  of  t h e  p r o t o c o l .  I n  o r d e r  t o  avo id  dead locks  
(and,  i n  p r a c t i c e ,  wastage of r e s o u r c e s ) ,  most of  
t h e  s t a t e s  of  t h e  FSM must be t r a n s i e n t ,  i . e . ,  t h e y  
have t o  be p r o t e c t e d  by a t ime-out ,  "T". A t ime- 
o u t  e x p i r y  may g e n e r a t e  a  s t a t e  t r a n s i t i o n :  however, 
i t  u s u a l l y  happens a f t e r  a  number o f  r e t r i e s ,  "N", 
o f  t h e  same a c t i o n ;  f o r  each  t r i a l ,  T is  s t a r t e d  
a g a i n ,  u s u a l l y  w i t h  t h e  same v a l u e  ( b u t  t h i s  is  n o t  
mandatory;  it i s  j u s t  common.p rac t i ce ) .  

I n  t h e  l i t e r a t u r e  a v a i l a b l e ,  t h e r e  a r e  d i f f e r e n t  
ways o f  t a k i n g  i n t o  accoun t  t h e  T e x p i r y  and/or  t h e  
r e a c h i n g  o f  N :  f o r  example, L e  Moli (1973) r e f e r s  
t o  t h e s e  a s  " i n t e r n a l  e v e n t s " ,  w h i l s t  Danth ine and 
B r e m e r  (1978) t r e a t  them a s  e q u i v a l e n t  t o  e x i s t i n g  
o r  newly i n t r oduced  i n p u t s .  

However, a  f u l l y  fo rma l  d e s c r i p t i o n  of  t h e  p r o t o c o l  
must i n d i c a t e  what a c t u a l l y  c o n s t i t u t e s  t h e  " t r a n -  
s i e n t "  f e a t u r e  of  i t s  t r a n s i e n t  s t a t e s .  I n  t h e  
f o l l ow ing ,  t h i s  pa ramete r  set  w i l l  be  r e f e r r e d  t o  
a s  "T-parameters" .  

2 .  I n  a  l a y e r e d  a r c h i t e c t u r e  o f  p r o t o c o l s ,  each  l a y e r  
can be  cons ide red  a s  t h e  "communication d e v i c e "  o f  
t h e  nex t  h i g h e r  l a y e r  ( L e  Moli  1973) .  A s  such ,  i t  
i s  c h a r a c t e r i s e d  by a  set  o f  s p e c i f i c a t i o n  par -  
ameters  t h a t  r e f e r  t o  t h e  q u a l i t y  of  s e r v i c e  t h a t  
i t  can p rov ide  t o  t h e  n e x t  h i g h e r  l a y e r ,  w i t h  some 
env i ronmenta l  c o n s t r a i n t s .  

Throughput,  response  t i m e ,  i n t r oduced  d e l a y ,  l e v e l  
o f  r e l i a b i l i t y ,  s e c u r i t y ,  l e v e l  of  a v a i l a b i l i t y ,  
a r e  a l l  concep ts  which r e q u i r e  an  unambiguous d e f i -  
n i t i o n ,  i . e . ,  t h e  d e f i n i t i o n  of  a  s e t  of a s s o c i a t e d  
c h a r a c t e r i s t i c  pa rame te rs ,  i n  t h e  p r o t o c o l  s p e c i f i -  
c a t i o n ,  a t  l e a s t  i n  t h e  non-formal one.  

Moreover, c l o s e l y  r e l a t e d  t o  t h e s e  concep ts ,  t h e  
implementat ion o f  a  " f u n c t i o n "  ( f o r  example, t h e  
t echn iques  adopted f o r  e r r o r  c o n t r o l  and recove ry ,  
f ragmenta t ion  and reassembly ,  m u l t i p l e x i n g ,  sequen- 
c i n g ,  and s o  on)  i n t r o d u c e s  a  new k i nd  o f  pa ramete r  
set  t h a t  r e f e r s  t o  t h e  p r i c e  - r e l e v a n t  t o  t h e  pro-  
t o c o l  - t o  be pa id  t o  per form t h a t  f u n c t i o n  i n  
t e r m s  o f  overheads f o r  add ress  and c o n t r o l  i n f o r -  
n a t i o n ,  e i t h e r  i n  t h e  header -por t ion  of  message- 
c a r r y i n g  d a t a ,  o r  i n  " s p e c i a ~ ~ m e s s a g e s  c a r r y i n g  no 
d a t a ,  and i n v i s i b l e  t o  t h e  n e x t  h i g h e r  l e v e l .  



I n  o t h e r  words, t h e  s e r v i c e  o f f e r e d  by a  l a y e r  t o  
t h e  nex t  h i g h e r  one,  and t h e  per forming o f  t he  
f u n c t i o n s  needed t o  o f f e r  t h a t  s e r v i c e ,  can be 
ana lysed  i n  te rms of  c o s t / b e n e f i t  r a t i o :  a s  such ,  
two d i s t i n c t ,  b u t  r e l a t e d ,  s e t s  of  pa ramete rs  can 
c h a r a c t e r i s e  t h e  performance o f  t h e  l a y e r ,  each  
set  r e f e r r i n g  t o  each te rm o f  t h e  r a t i o .  In  t h e  
fo l l ow ing ,  t h e s e  parameter  sets w i l l  be r e f e r r e d  
t o  a s  "C-parameters" and "B-parameters",  respec-  
t i v e l y .  I t  i s  a l s o  worthwhi le  s t r e s s i n g  t h a t ,  
h i t h e r t o ,  on l y  t h o s e  paramete rs  have been con- 
s i d e r e d  t h a t  r e f e r  t o  t h e  p r o t o c o l  d e f i n i t i o n  and 
o p e r a t i o n ,  and n o t  t h o s e  t h a t  r e f e r  merely  t o  a  
l o c a l  i n t e r f a c e  among l a y e r s .  

3 .  F i n a l l y ,  each  l a y e r  implementat ion r e q u i r e s  a  s e t  
o f  pa ramete rs  t o  be  s t a t e d  and - s t a t i c a l l y  o r  dy- 
namica l l y  - ass igned  a  v a l u e ,  i n  o r d e r  t o  make t h e  
b e s t  use o f  t h e  r e s o u r c e s  and s e r v i c e s  o f f e r e d  by 
t h e  nex t  lower l a y e r .  I t  w i l l  be s a i d  t h a t  t h e s e  
paramete rs  have dynamica l ly  a s s i g n a b l e  v a l u e s  i f  
i n fo rmat ion  abou t  r e n o t e  e v e n t s  i s  needed i n  o r d e r  
t o  pursue t h i s  o p t i m i z a t i o n  t a s k ,  and i f  t h i s  i n f o r -  
mat ion i s  a v a i l a b l e  from t h e  i n t e r f a c e  t o  t h e  nex t  
lower l a y e r .  I f  t h i s  i n fo rmat ion  i s  e i t h e r  n o t  
needed - f o r  example paramete rs  r e l a t e d  t o  t h e  n e t -  
work maximum c o n f i g u r a t i o n ,  which i s  u s u a l l y  f i x e d ,  
a t  l e a s t  i n  t h e  short/medium run - o r  i f  t h i s  i n -  
fo rmat ion  i s  n o t  a v a i l a b l e ,  and is  t h e r e f o r e  su r -  
roga ted  by average  e s t i m a t i o n s  - f o r  example par -  
ameters  r e l a t e d  t o  t h e  p r e s e n t  network con f i gu r -  
a t i o n ,  deduced from t h e  r o u t i n g  t a b l e s ,  which a r e  
seldom a v a i l a b l e  t o  t h e  DTE p r o c e s s e s  -, t h e s e  
parameters  w i l l  be s a i d  t o  have s t a t i c a l l y  ass ign -  
a b l e  va lues .  

Once a g a i n ,  it shou ld  be unde r l i ned  t h a t ,  even 
a l though  t h e s e  paramete rs  r e f e r  t o  t h e  l o c a l  i n t e r -  
f a c e  t o  t h e  n e x t  lower l a y e r ,  t hey  w i l l  be  taken  
i n t o  account  i f ,  and on l y  i f ,  t h e i r  meaning i s  
r e l e v a n t  t o  t h e  p r o t o c o l  d e f i n i t i o n  and o p e r a t i o n .  
A s  t h e  meaning o f  t h e s e  paramete rs  must a lways be 
r e l a t e d  t o  t h e  s t a t e  o f  t h e  "network" ,  i . e . ,  o f  
what - g l o b a l l y  - i s  under t h e  l a y e r ,  t h e y  w i l l  be 
r e f e r r e d  t o  a s  "N-parameters" . 

I n  conc lus ion ,  t h e  concep ts  h i t h e r t o  deve loped can be 
grouped accord ing  t o  t h e  f o l l ow ing  r a t i o n a l e :  

The c o r r e c t  d e f i n i t i o n  a n d , t h e  e f f e c t i v e  o p e r a t i o n  o f  a  
p r o t o c o l  i n  t h e  l a y e r  L r e q u i r e s  some p r o t o c o l  c h a r a c t e r i s t i c  
pa ramete rs  t o  be s t a t e d ,  and s u i t a b l e  v a l u e s  t o  be - s t a t i c a l l y  
o r  dynamica l ly  - ass igned  t o  them. Our c l a s s i f i c a t i o n  of  t h e  



protocol characteristic parameters identifies the following 
sets: 

a) T-parameters, defined to protect the transient 
states of the protocol; 

b) B-parameters, defined to provide the layer L+1 
with a specified quality of service; 

c) C-parameters, defined to evaluate the cost, in 
terms of overhead, of implementing those functions 
of the protocol necessary to provide the layer L+l 
with the L-layer's services; 

d) N-parameters, defined to make the best use of the 
network resources in the operation of the functions 
considered above. 

From the definitions of these classes of parameters, it 
follows that they have empty intersection. 

A variable declared in the implementation will here be 
considered as a protocol characteristic parameter if, and only 
if, it is semantically both relevant to the protocol definition 
and operation, and assimilable into one of the four classes 
defined above. 

3. CHARACTERISTIC PARAMETERS DEFINED FOR THE RECOMMENDATION X . 2 5  

Recommendation X . 2 5  deals with the three lowest levels of 
the interface between DTE and DCE, for terminals operating in 
the packet mode. 

3.1 The Physical Layer 

The first level covers'the physical, electrical, functional 
and procedural characteristics for the operation of the link 
between DTE and DCE: it is described in the preceding Recom- 
mendation, X . 2 1 .  For the purpose of this paper, only B-par- 
ameters of the first layer are relevant, i.e., the capacity, 
C1, of the physical link in bps, and its nominal error rate, El. 

3.2 The Link Layer 

The second level covers the link access procedure for the 
exchange of frames across the DTE/DCE interface. It is impor- 
tant to note that a list of "system parameters" is given in the 
last paragraph of this Section of the Recommendation: it is 
recalled here, specifying then the class of the "characteristic 
parameters" to which they belong. 

T1 is the time-out started on the transmission of a 
frame, at the end of which the retransmission of 
the frame may be initiated. 



T2 is the maximum time from the reception of a frame 
and the sending back of the acknowledgement: it 
applies to both the DTE and the DCE; 

N2 is the maximum number of transmissions of a frame; 

N1 is the maximum number of bits in an Information 
frame ; 

K is the maximum number of outstanding (i.e., unack- 
nowledged) Information frames. 

The values of TI and K should be "agreed for a period of 
time with the Administration". The value of N2 is "a subject 
for further study". The value of N1 "depends upon the maximum 
length of the information fields transferred across the DTE/DCE 
interface": this maximum length will be mentioned in the 
following as N3. 

From the definitions given in Section 2, it follows that: 

a) TI and N2 are T-parameters; 

b) T2 and K are N-parameters, as they have to be tuned 
in order to make full use of the available bandwidth 
of the physical link; 

C) N3 is a B-parameter, as it specifies a service 
offered to the third level, whilst N1 is just the 
sum of N3 and the maximum value of the overhead 
introduced by the non-information fields and by the 
extra-zeros of the error control algorithm. The 
maximum, minimum and average value of this overhead 
Can be defined as C-parameters: they will be called 
H H and Ha, respectively. M' m 

But, at this point, the services offered by level 2 need to 
be better defined. The following B-parameters are defined as 
follows : 

d) EL is the error rate as given to the third level: 
as the third level sends and receives "packets", 
i.e., the contents of the information field of the 
I-frames, EL is defined here as the joint probab- 
ility that 

1. a packet being in error or out of sequence is 
delivered to the third level, or 

2. an in-sequence error-free packet is not de- 
livered - to the third level; an average packet 
length, L is referred to, of which the maxi- 
mum valuepis N3L1 ]  : 



e )  Cp i s  t h e  th roughput  maximum a s  g iven  t o  t h e  t h i r d  
l e v e l :  i t i s  d e f i n e d  i n  t e r m s  o f  ~ a c k e t s  p e r  second,  
r e f e r r e d  t o  t h e  average  packe t  l e n g t h ,  c p [ l l ;  

f )  AL s p e c i f i e s  t h e  a v a i l a b i l i t y  of t h e  l i n k  t o  t h e  
t h i r d  l e v e l :  it i s  d e f i n e d  a s  t h e  complement t o  
one of  t h e  p r o b a b i l i t y  t h a t  a  command i s s u e d  by 
t h e  t h i r d  l e v e l  w i l l  be r e f u s e d  because t h e  l i n k  
i s  d i sconnec ted ;  

g )  DL s p e c i f i e s  t h e  average  d e l a y  f o r  t h e  d e l i v e r y  of 
t h e  packe t  embedded i n  t h e  i n fo rma t i on  f i e l d  of  an 
I - f rame: it i s  de f i ned  a s  t h e  average  t i m e  which 
h a s  e l a p s e d  from t h e  d e l i v e r y  o f  t h e  l a s t  b i t  t o  t h e  
second l a y e r  of  t h e  sender  DTE ( D C E ) ,  t o  t h e  d e l i v e r y  
o f  t h e  f i r s t  b i t  t o  t h e  t h i r d  l a y e r  o f  t h e  r e c e i v e r  
DCE (DTE) (which imp l i es  t h a t  t h e  whole frame h a s  
been d e l i v e r e d  t o  t h e  second l a y e r  of  t h e  r e c e i v e r  
s i d e  and p rocessed  by i t ) ,  and it i s  r e f e r r e d  t o  
t h e  average  packe t  l e n g t h ,  Ep [ l l .  

Tab le  1 summarizes t h e  c l a s s i f i c a t i o n  of  t h e  paramete rs  
de f i ned  i n  t h i s  Sec t i on  f o r  t h e  p h y s i c a l  and l i n k  l a y e r s  o f  X.25. 

3 . 3  The Network Layer 

The t h i r d  l e v e l  cove rs  t h e  p rocedures  f o r  t h e  t r a n s f e r  o f  
packe t s  a t  t h e  DTE/DCE i n t e r f a c e .  I t  a l l ows  t h e  communication 
between remote DTEs i n  a  v i r t u a l  " connec t ion  mode" (Le Moli 1978 ) ,  
and t h e  m u l t i p l e x i n g  of  t h e  same p h y s i c a l  l i n k  i n  s e v e r a l  l o g i -  
c a l  channe l s .  

Un fo r t una te l y ,  no " l i s t  o f  sq.stem paramete rs "  i s  d e t a i l e d  
i n  t h i s  S e c t i o n  of t h e  Recommendation. I t  i s  l e f t  " f o r  f u r t h e r  
s tudy .  Th i s  s t u d y  shou ld  i nc l ude  c o n s i d e r a t i o n s  of  bo th  t i m e -  
o u t s  and number o f  retr ies.  

But,  oppo r tune l y ,  t h e  Annexes t o  t h e  Recommendation g i v e  
t h e  s t a t e  d iagrams f o r  a  l o g i c a l  channe l  and t a b l e s  s p e c i f y i n g  
t h e  a c t i o n  taken  by t h e  DCE on r e c e i p t  o f  packe t s  ( f rom t h e  DTE) 
i n  each of  t h e  g iven  s t a t e s ;  t h e  co r respond ing  t a b l e s  f o r  t h e  
DTE a r e  n o t  s p e c i f i e d  i n  t h e  Recommendation ( t hey  a r e  l e f t  f o r  
f u r t h e r  s t u d y ) .  The s t a t e  d iagrams can  be used t o  i d e n t i f y  t h e  
t r a n s i e n t  s t a t e s  f o r  a  l o g i c a l  channe l  and t o  d e f i n e  t h e  a s s o c i -  
a t e d  T-parameters.  For  each phase o f  t h e  o p e r a t i o n  of  t h e  l o g i -  
c a l  channe l  ( desc r i bed  by t h e  co r respond ing  s t a t e  d i a g r a m ) ,  t h e  
T-parameters a r e  d e f i n e d  he re .  Add i t i ona l  hypotheses w i l l  be 
i n t r oduced  f o r  d e t a i l s  m iss ing  from t h e  Recommendation. 

3.3.1 Procedures for Virtual CaZZs 

Two phases a r e  r e g u l a t e d  by t h e s e  p rocedures :  t h e  c a l l  set- 
up phase and t h e  c a l l  c l e a r i n g  phase.  Each of  t h e s e  is  d e s c r i b e d  
by a  s t a t e  d iagram (F igu re  3 ,  which rep roduces  F igu re  15/X.25 o f  
t h e  Annex I t o  Recommendation X.25). These p rocedures  app ly  t o  
permanent v i r t u a l  c i r c u i t s .  



3.3.1.1 C a l l  Set-up Phase ( F i g u ~ > c  3a! 

A t ime-out ,  TTp2, must p r o t e c t  t h e  "DTE Wait ing"  s t a t e ,  p2: 
it i s  managed by t h e  DTE. S i m i l a r l y ,  a  t ime-ou t ,  TCp3, must 
p r o t e c t  t h e  "DTE Wai t ing"  s t a t e ,  p3: i t i s  managed by t h e  DCE. 
No r e t r i a l  shou ld  be a t tempted  t o  r e t r a n s m i t  a  " c a l l  re u e s t "  9 packe t ,  a s  i t cou ld  r e s u l t  i n  "ERROR" a c t i o n  on t h e  DCE 21. 
For symmetry, it is  assumed h e r e  t h a t  no r e t r i a l  i s  a t tempted  
by t h e  DCE t o  r e t r a n s m i t  an "incoming c a l l "  packe t .  

Th i s  i s  t h e  minimum o f  p r o t e c t i o n  r e q u i r e d .  A d d i t i o n a l l y ,  
b u t  o u t  o f  t h e  i n t e r f a c e ,  two o t h e r  t i m e r s  can be d e f i n e d ,  
namely: TCp2, t h a t  is ,  a  network t ime-out  f o r  t h e  acknowledge- 
ment o f  c a l l  r e a u e s t  packe t s  between D C E s ,  and TTp3, t h a t  is ,  
t h e  DTE t ime-out  f o r  t h e  answer t o  t h e  incoming c a l l  from t h e  
d e s t i n a t i o n  ( f o u r t h  l e v e l )  p rocess .  Depending on t h e  imple- 
menta t ion ,  e i t h e r  o f  t h e  subnetwork o r  o f  t h e  DTE, each  of  
t h e s e  two paramete rs  may o r  may n o t  e x i s t .  

3 .3.1.2 C a l l  C lea r i ng  Phase (F igu re  3b)  

A t ime-out ,  TTp6, must p r o t e c t  t h e  "DTE C l e a r  r e q u e s t "  
s t a t e ,  p6: it i s  managed by t h e  DTE. A s  r e t r a n s m i s s i o n  o f  
"C lea r  r e q u e s t "  p a c k e t s  i s  al lowed by t h e  s t a t e  d iagram, a  
maximum number o f  r e t r i a l s ,  NTp6, can be de f i ned .  S i m i l a r l y ,  
a  t ime-out ,  T C ~ ~  [ 3 1  , must p r o t e c t  t h e  "DTE C l e a r  i n d i c a t i o n "  
s t a t e ,  p7: it i s  managed by t h e  DCE. Again,  a s  re t r ansm iss ion  
o f  C l e a r  i n d i c a t i o n  p a c k e t s  i s  al lowed by t h e  s t a t e  d iagram, a  
maximum number o f  r e t r i a l s ,  NCp7, can be d e f i n e d .  

Th i s  i s  t h e  minimum p r o t e c t i o n  r e q u i r e d .  A lso  i n  t h e  c a l l  
c l e a r i n g  phase ,  a d d i t i o n a l  t i m e r s  can be implemented o u t  o f  
t h e  i n t e r f a c e ,  t o  a l l ow  a  f a s t e r  p r o t e c t i o n  mechanism: TCp6, 
f o r  example, can be d e f i n e d  a s  t h e  network t ime-out  f o r  t h e  
acknowledgement of  a  c l e a r  i n d i c a t i o n  p a c k e t  between DCEs, and 
TTp7 a s  t h e  DTE t ime-out  f o r  t h e  answer t o  t h e  c l e a r  i n d i c a t i o n  
from t h e  d e s t i n a t i o n  p rocess .  Both t h e s e  two paramete rs  depend 
on t h e  implementat ion ( t h e  f i r s t  one,  o f  t h e  subnetwork, t h e  
second one ,  o f  t h e  DTE) . 
3.3.2 Procedures f o r  Data and I n t e r r u p t  T rans fe r  

I n  t h e  Data t r a n s f e r  s t a t e  o f  t h e  i n t e r f a c e ,  f o r  a  l o g i c a l  
channe l  a s s i g n e d  e i t h e r  t o  a  v i r t u a l  c a l l  o r  t o  a  permanent v i r -  
t u a l  c i r c u i t ,  t h e  p rocedures  f o r  f low c o n t r o l  and r e s e t  a r e  
in tended  t o  gua ran tee  t h e  s e q u e n t i a l  t r a n s f e r  o f  t h e  in fo rmat ion  
between t h e  two DTEs and t o  a i d  recovery  from p o s s i b l e  s i t u -  
a t i o n s  o f  subnetwork conges t ion .  

The procedure  f o r  f l ow c o n t r o l  does n o t  app ly  t o  i n t e r r u p t  
packe t s .  No s t a t e  d iagram d e s c r i b e s  t h e  exchange of  i n t e r r u p t  
packe ts .  Fur thermore,  t h e  s i g n i f i c a n c e  05 t h e  I n t e r r u p t  con- 
f i r m a t i o n  p a c k e t s  ( i . e . ,  l o c a l  o r  end-to-end) is  n o t  s p e c i f i e d  
i n  t h e  Recommendation. I t  i s  assumed h e r e  t h a t  t h e s e  packe t s  
have end-to-end s i g n i f i c a n c e ;  t h i s  h y p o t h e s i s  l e a d s  t o  t h e  



f o l l o w i n g  p o s s i b l e  sequence o f  e v e n t s ,  i l l u s t r a t e d  by a  s t a t e  
d iagram ( F i g u r e  4 )  : 

1 .  The s o u r c e  DTE s e n d s  t h e  DTE I n t e r r u p t  p a c k e t :  
t h e  l o c a l  i n t e r f a c e  e n t e r s  t h e  "DTE I n t e r r u p t "  
s t a t e  i 2 ;  

2. The l o c a l  DCE s e n d s  t h e  r e c e i v e d  i n t e r r u p t  t o  
t h e  remote DCE, w a i t i n g  f o r  acknowledgement;  

3. The remote DCE r e c e i v e s  t h e  I n t e r r u p t  and s e n d s  
t h e  DCE I n t e r r u p t  p a c k e t  t o  t h e  d e s t i n a t i o n  DTE: 
t h e  remote i n t e r f a c e  e n t e r s  t h e  "DCE I n t e r r u p t "  
s t a t e  i 3 ;  

4 .  The d e s t i n a t i o n  DTE s e n d s  a  DTE I n t e r r u p t  Con- 
f i r m a t i o n  p a c k e t :  t h e  remote  i n t e r f a c e  comes 
back t o  t h e  " I n t e r r u p t  r e a d y "  s t a t e  i l ;  

5 .  The remote DCE s e n d s  t h e  r e c e i v e d  c o n f i r m a t i o n  
t o  t h e  l o c a l  DCE, t h e r e b y  acknowledging t h e  
I n t e r r u p t ;  

6 .  Having r e c e i v e d  t h e  acknowledgement,  t h e  l o c a l  
DCE s e n d s  t h e  DCE I n t e r r u p t  c o n f i r m a t i o n  p a c k e t  
t o  t h e  s o u r c e  DTE: t h e  l o c a l  i n t e r f a c e  comes 
back t o  t h e  " I n t e r r u p t  r e a d y "  s t a t e  i l .  

A s  it is  e x p l i c i t l y  s a i d  i n  t h e  Recommendation t h a t  " t h e  
DCE w i l l  i g n o r e  f u r t h e r  DTE I n t e r r u p t  p a c k e t s  u n t i l  t h e  f i r s t  
one is  conf i rmed w i t h  a  DCE I n t e r r u p t  c o n f i r m a t i o n  p a c k e t " ,  
r e t r a n s m i s s i o n  o f  t h e  DTE I n t e r r u p t  is  n o t  p o s s i b l e :  t h e  
o n l y  t h i n g  t h e  DTE c a n  d o ,  a f t e r  t h e  f i r s t  t r i a l ,  i s  t o  reset 
t h e  l o g i c a l  c h a n n e l .  For  symmetry, t h e  same r u l e  i s  supposed 
t o  b e  f o l l o w e d  h e r e  by t h e  DCE. 

S t r a i g h t f o r w a r d l y ,  t h e  DTE h a s  t h e  r e s p o n s i b i l i t y  f o r  
p r o t e c t i n g  s t a t e  i 2  w i t h  TTi2 t i m e - o u t ,  and t h e  DCE h a s  t h e  
r e s p o n s i b i l i t y  f o r  p r o t e c t i n g  s t a t e  i 3  w i t h  TCi3 t ime-ou t .  
Fo l l ow ing  t h e  same r e a s o n i n g  shown above f o r  t h e  s e t - u p  and 
c l e a r i n g  p h a s e s ,  a d d i t i o n a l  t i m e r s  - o u t  o f  t h e  i n t e r f a c e  
domain - might  b e  d e f i n e d :  f o r  example ,  a  network t i m e - o u t ,  
TCi2, managed by t h e  l o c a l  DCE ( se t  on s t e p  2  o f  t h e  sequence 
above and c l e a r e d  on s t e p  6 ) ,  and a  DTE t i m e - o u t ,  TT i3 ,  man- 
aged  by t h e  d e s t i n a t i o n  DTE,  f o r  t h e  answer t o  t h e  i n t e r r u p t  
from t h e  d e s t i n a t i o n  f o u r t h  l e v e l  p r o c e s s .  

3 .3 .3  Procedures f o r  Flow Cont ro l  

Flow c o n t r o l  i s  based  on a u t h o r i s a t i o n  from t h e  r e c e i v e r :  
a  window, M, which,  f o r  each  d i r e c t i o n  o f  d a t a  t r a n s m i s s i o n ,  
i s  a  p a r a m e t e r  " a g r e e d  f o r  a  p e r i o d  o f  t i m e  w i t h  t h e  Adminis- 
t r a t i o n  f o r  t h e  DTE", sets t h e  r a n g e  o f  unacknowledged p a c k e t s  
t h a t  c a n  c r o s s  t h e  i n t e r f a c e :  P 7 t c w i l l  be  t h e  window f o r  d a t a  
t r a n s m i s s i o n  from DTE t o  DCE; F T C t  w i l l  be  t h e  same f rom DCE 



t o  DTE. The lower window edge,  P ( R ) ,  i s  updated by t h e  rece i v -  
er ;  it i s  supposed h e r e  t h a t  t h e  acknowledgement c a r r i e d  by 
P ( R )  has no end-to-end s i g n i f i c a n c e [ 4 ]  : t h i s  t a s k  i s  l e f t  t o  
t h e  upper l a y e r  

The sender  can be  reques ted  t o  suspend t h e  t r ansm iss ion  
by means of a  RNR (Receive Not Ready) packe t ;  it can be re- 
sumed by means o f  e i t h e r  a  RR (Receive Ready) p a c k e t ,  o r  t h e  
reset procedure.  

I t  i s  supposed h e r e  t h a t  no t ime-out is  a s s o c i a t e d  w i t h  
f low c o n t r o l ,  excep t  i n  t h e  reset phase ,  a s  a  suspens ion  i n  
t h e  f low o f  t h e  in fo rmat ion  between t h e  two DTEs can be managed 
by t h e  upper l a y e r ,  by means o f  i n t e r r u p t s .  

3.3.3.1 Procedures for Reset (Figure 5 )  

A s t a t e  diagram (F igure  5 ,  t h a t  reproduces F igu re  16/X.25 
o f  t h e  Annex I t o  t h e  ~ecommendat ion)  d e s c r i b e s  t h e  reset pro- 
cedure.  By t h e  same n o t a t i o n  h i t h e r t o  fo l l owed,  a  t ime-out ,  
TTd2 - managed by t h e  DTE - p r o t e c t s  s t a t e  d2,  and a  t ime-out ,  
~ ~ d 3 [ 5 ]  - managed by t h e  DCE - p r o t e c t s  s t a t e  d3. R e t r i e s  a r e  
p o s s i b l e :  NTd2 and NCd3 i n d i c a t e ,  r e s p e c t i v e l y ,  t h e  c o r r e s -  
ponding maximum number o f  t r ansm iss ions .  

Out o f  t h e  i n t e r f a c e ,  t ime-out ,  TCd2 - wi th  a  maximum 
number o f  t r i a l s ,  NCd2 - might be de f i ned  f o r  t h e  acknowledge- 
ment o f  t h e  reset between t h e  two DCEs. However, it is sup- 
posed h e r e  t h a t  R e s e t  con f i rma t i on  does n o t  have any end-to-end 
s i g n i f i c a n c e ,  and t h a t  t h e  reset i s  t r a n s p a r e n t  i n  t h e  upper 
l a y e r :  t h i s  imp l i es  t h a t  no "TTd3" t ime-out  i s  de f i ned .  

. , 
3.3.4 ' Procedure for Restart (Figure 6 )  

A s t a t e  diagram (F igure  6 ,  t h a t  reproduces F igu re  17/X.25 
o f  t h e  Annex I t o  t h e  Recommendation) d e s c r i b e s  t h e  r e s t a r t  pro-  
cedure.  TTrl i s  t hen  t h e  t ime-out  - managed by t h e  DTE - t h a t  
p r o t e c t s  s t a t e  r 1 , and ~ ~ r 2  [ G I  i s  t h e  one - managed by t h e  DCE - 
t h a t  p r o t e c t s  s t a t e  r2 .  

Both f o r  R e s t a r t  r e q u e s t  packe ts  and f o r  R e s e t  i n d i c a t i o n  
packe ts ,  r e t r a n s m i s s i o n s  a r e  p o s s i b l e :  l e t  NTrl and NCr2 i n d i -  
c a t e  r e s p e c t i v e l y  t h e  cor responding maximum number of  t r i a l s .  

Out o f  t h e  i n t e r f a c e ,  t ime-out ,  TCrl - wi th  a  maximum 
number o f  t r i a l s ,  NCrl - might be de f i ned  f o r  t h e  acknowledge- 
ment o f  t h e  r e s t a r t  between DCEs.  However, it i s  supposed he re  
t h a t  t h e  R e s t a r t  con f i rma t i on  does n o t  have any end-to-end s i g -  
n i f i c a n c e .  The r e s t a r t  i s  n o t  - g e n e r a l l y  - t r a n s p a r e n t  t o  t h e  
upper l a y e r ,  a s  a l l  t h e  v i r t u a l  c a l l s  a r e  r e i n i t i a l i z e d :  t he re -  
f o r e ,  a  t ime-out ,  TTr2, might be d e f i n e d  i n  t h e  DTE f o r  t h e  
answer o f  t h e  f o u r t h  l e v e l  t o  t h e  i n d i c a t i o n  o f  a  r e s t a r t  t h a t  
comes from t h e  t h i r d  l e v e l .  



3.3 .5  O t h e r  P a r a m e t e r s  of t h e  N e t w o r k  

The ove rhead  i n t r o d u c e d  by t h e  ne twork  l a y e r  must be re- 
l a t e d  t o  t h e  "phase"  o f  t h e  c o n n e c t i o n ,  a s  some p h a s e s  may o r  
may n o t  e x i s t ,  depend ing  on t h e  s w i t c h e d  o r  permanent  n a t u r e  
o f  t h e  c o n n e c t i o n .  

Overhead,  H d ,  r e f e r s  h e r e  t o  t h e  number o f  b i t s  p e r  p a c k e t  
g e n e r a t e d  a t  t h e  t h i r d  l e v e l ,  n o t  b e l o n g i n g  t o  t h e  " u s e r  d a t a "  
f i e l d ,  and t r a n s f e r r e d  on t h e  c o n n e c t i o n .  The o t h e r  ove rheads  
a r e  j u s t  e x p r e s s e d  by t h e  t o t a l  number o f  b i t s  exchanged i n  t h e  
r e l e v a n t  phase .  I t  i s  d e f i n e d  a s  f o l l o w s :  

H s :  t h e  ove rhead  i n  t h e  c a l l  s e t - u p  p h a s e ;  

Hc:  
t h e  ove rhead  i n  t h e  c a l l  c l e a r i n g  p h a s e ;  

Hd:  t h e  ove rhead  i n  t h e  d a t a  t r a n s f e r  p h a s e ;  

H r :  t h e  ove rhead  i n  t h e  reset p h a s e ;  

Ho:  
t h e  ove rhead  i n  t h e  r e s t a r t  p h a s e .  

A l l  t h e s e  a r e  C-parameters .  

The window s i z e s ,  P ? t c  and Wet, have t o  be  c o n s i d e r e d  a s  
N-parameters.  

A l s o  t h e  l o c a l  maximum d a t a  f i e l d  l e n g t h  L D [ ~ ]  h a s  t o  b e  
c o n s i d e r e d  a s  a  N-parameter ,  a s  t h e  usage  o f  t h e  "More d a t a  
mark" a l l o w s  t h e  t r a n s p o r t  l a y e r  t o  send  "messages"  o f  any 
l e n g t h .  

Some B-parameters a r e  now d e f i n e d  h e r e  i n  o r d e r  t o  cha rac -  
t e r i z e  t h e  s e r v i c e s  o f f e r e d  t o  t h e  t r a n s p o r t  l a y e r  ( f o r  a n  
i n t e r e s t i n g  d i s c u s s i o n  o f  t h e  terzis " d e l a y "  and " t h r o u g h p u t "  
f o r  u s e r  imp lemen ta t i on  o f  X.25, s e e  S p r o u l e  1 9 7 8 ) .  

P a r a m e t e r s  d e f i n e d  i n  p o i n t s  a )  c )  and e)  below,  r e f e r  
t o  a  g i v e n  a v e r a g e  message l e n g t h  ~ ~ ~ f ~ l  ; p a r a m e t e r s  d e f i n e d  i n  
p o i n t s  c ) ,  e l ,  f )  and g )  be low,  a r e  f o r m u l a t e d  under  t h e  hypoth-  
es is  t h a t  no o t h e r  v i r t u a l  c o n n e c t i o n  ( i . e . ,  v i r t u a l  c a l l  o r  
permanent  v i r t u a l  c i r c u i t )  i s  a c t i v e  ( i - e . ,  i n  t h e  d a t a  t r a n s -  
f e r  p h a s e ,  and w i t h  t h e  5 o u r t h - l e v e l  u s i n g  i t )  a t  t h e  same t i m e  
on b o t h  DTEs. 

a )  Ep i s  t h e  e r r o r  r a t e  a s  g i v e n  t o  t h e  f o u r t h  l e v e l :  
it i s  d e f i n e d  a s  t h e  j o i n t  p r o b a b i l i t y  t h a t  

1 .  a  message,  b e i n g  i n  e r r o r  or o u t  o f  s e q u e n c e ,  
i s  d e l i v e r e d  t o  t h e  f o u r t h  l e v e l ,  or 

2.  an  i n -sequence  e r r o r - f r e e  message i s  n o t  de- 
l i v e r e d  t o  t h e  f o u r t h  l e v e l ;  

b )  N,  i s  t h e  maximum number o f  v i r t u a l  c o n n e c t i o n s  
t h a t  c a n  b e  a c t i v e  a t  t h e  same t i m e  on t h e  DTE; 



c )  C p  is  t h e  maximum t h r o u g h p u t  on a  v i r t u a l  con- 
n e c t i o n :  it i s  d e f i n e d  i n  t e r m s  o f  messages  
( n o t  " i n t e r r u p t " )  p e r  second ;  

d )  A p  i s  t h e  a v a i l a b i l i t y  o f  t h e  " v i r t u a l  con- 
n e c t i o n  s e r v i c e "  t o  t h e  t r a n s p o r t  l a y e r :  i t  
i s  d e f i n e d  a s  t h e  complement t o  1 o f  t h e  prob-  
a b i l i t y  t h a t  a r e q u e s t e d  c o n n e c t i o n  i s  n o t  
e s t a b l i s h e d  f o r  r e a s o n s  n o t  dependen t  upon t h e  
t r a n s p o r t  l a y e r  (on b o t h  s i d e s )  ; 

e )  Dpm s p e c i f i e s  t h e  a v e r a g e  d e l a y  f o r  t h e  d e l i v e r y  
o f  a message ( n o t  " i n t e r r u p t " )  i n  t h e  d a t a  t r a n s -  
f e r  phase :  it i s  d e f i n e d  a s  t h e  a v e r a g e  t i m e  
which h a s  e l a p s e d  f rom t h e  d e l i v e r y  o f  t h e  l a s t  
b i t  o f  t h e  message t o  t h e  t h i r d  level  o f  t h e  
s e n d e r  DTE, t o  t h e  d e l i v e r y  o f  t h e  f i r s t  b i t  o f  
t h e  message t o  t h e  f o u r t h  leve l  o f  t h e  r e c e i v e r  
DTE ; 

f )  D p i  h a s  t h e  same d e f i n i t i o n  as Dpmr e x c e p t  f o r  
t h e  i n t e r r u p t ;  

g )  D p ~  s p e c i f i e s  t h e  a v e r a g e  d e l a y  f o r  t h e  c o n n e c t i o n  
e s t a b l i s h m e n t  (it is z e r o  f o r  permanent  v i r t u a l  
c i r c u i t s  by d e f i n i t i o n ) :  it i s  d e f i n e d  as t h e  
a v e r a g e  t i m e  which h a s  e l a p s e d  f rom t h e  p o i n t  a t  
which t h e  f o u r t h  l e v e l  i s s u e s  t h e  command t o  t h e  

t h i r d  l e v e l  f o r  t h e  "ca l l  e s t a b l i s h " ,  t o  t h e  
p o i n t  a t  which t h e  t h i r d  l e v e l  i s s u e s  t h e  command 
t o  t h e  f o u r t h  l e v e l  f o r  t h e  " ca? . l  e s t a b l i s h e d " .  

3.3.6 Summary of t h e  Parameters of the Network Layer 

T a b l e  2  summar izes t h e  c h a r a c t e r i s t i c  p a r a m e t e r s  h i t h e r t o  
d e f i n e d  f o r  t h e  ne twork  l a y e r .  T h e i r  c l a s s i f i c a t i o n ,  f o l l o w i n g  
t h e  c o n c e p t s  e x p r e s s e d  i n  S e c t i o n  2 ,  i s  also g i v e n .  I t  i s  t h e  
o p i n i o n  o f  t h e  a u t h o r s  t h a t  t h i s  set  i s  f a r  f rom b e i n g  comp le te .  
One r e a s o n  is " s t r u c t u r a l " :  i n  t h a t  t h e  X.25 l e v e l  3 s p e c i f i e s  
o n l y  t h e  i n t e r f a c e  between DTE and DCE f o r  p a c k e t  t r a n s f e r ,  
t h a t  i s  a p a r t  o f  t h e  whole ne twork  l a y e r :  b u t  t h e  ne twork  
l a y e r  i s  s p r e a d  a l l  o v e r  t h e  ne twork  i n  o t h e r  f u n c t i o n s ,  s u c h  
as r o u t i n g ,  local  f l o w  c o n t r o l ,  acknowledgement between DCEs, 
and so on. S t r i c t l y  s p e a k i n g ,  t h e  p a r a m e t e r s  of t h e  t o p o l o g y  
o f  t h e  subnetwork  also b e l o n g  t o  t h i s  l a y e r .  T h i s  matter w i l l  
b e  t r e a t e d  i n  S e c t i o n  5 .  I n  any  case, also t h e  p a r a m e t e r  set  
s t r i c t l y  r e f e r r i n g  t o  t h e  t h i r d  l e v e l  i n t e r f a c e  between DTE 
and  DCE c o u l d  b e  " improved" .  



4 .  CHARACTERISTIC PARAiiETERS DEFINED FOR INWG 96.1 

Document INWG 96.1 i s  a  d r a f t  r e v i s i o n  o f  a  p roposa l  ( I N W G  
96) submi t ted  t o  IS0 a s  an I n t e r n a t i o n a l  F e d e r a t i o n  f o r  I n fo r -  
mat ion P rocess ing  ( r e f e r r e d  t o  a f t e r  t h i s  a s  IF IP)  c o n t r i b u t i o n  
f o r  a  s t a n d a r d  end-to-end t r a n s p o r t  p r o t o c o l :  t h i s  e a r l i e r  pro- 
posa l  was based on a  datagram d a t a  t r a n s m i s s i o n  s e r v i c e ,  w h i l s t  
t h e  r e v i s e d  v e r s i o n  t a k e s  i n t o  accoun t  t h e  need f o r  a d a p t a t i o n  
t o  a  v a r i e t y  of d a t a  t r ansm iss ion  f a c i l i t i e s ,  p a r t i c u l a r l y  X . 2 5  
i n  p u b l i c  d a t a  networks.  

No f o r m a l i z a t i o n  o f  t h i s  t r a n s p o r t  p r o t o c o l  i s  g iven  i n  
t h e  document [ g ] .  

The e lements  c o n s t i t u t i n g  t h e  t r a n s p o r t  s e r v i c e  a r e  de- 
f i n e d  independen t l y  o f  t h e  t r a n s p o r t  p r o t o c o l  mechanisms used 
t o  p rov ide  them: t h i s  i s  ve ry  u s e f u l  f o r  f i n d i n g  o u t  what i s  
c a l l e d  h e r e  t h e  c l a s s  of B-parameters,  and a l s o  some C-parameters.  

Moreover, t h e  document s p e c i f i e s  t h e  combinat ions  of  t h o s e  
f u n c t i o n s  t h a t  l e a d  t o  d i f f e r e n t  c l a s s e s  o f  o v e r a l l  s e r v i c e :  
t h r e e  c l a s s e s  of  t r a n s p o r t  s e r v i c e  a r e  d e f i n e d ,  namely: " l e t t e r -  
gramn, " r e g u l a r  l i a i s o n "  and "super  l i a i s o n " .  Consequent ly ,  t h e  
t r a n s p o r t  p r o t o c o l  c h a r a c t e r i s t i c  pa ramete rs  w i l l  be d e f i n e d  
h e r e  w i t h  e x p l i c i t  r e f e r e n c e  t o  t h e  c l a s s  o f  t h e  t r a n s p o r t  ser- 
v i c e  w i t h i n  which t hey  a r e  r e l e v a n t .  

4.1 Parameters  of  t h e  T ranspo r t  S e r v i c e  

The t r a n s p o r t  s e r v i c e  p r o v i d e s  a set of  a d d r e s s e s ,  c a l l e d  
" p o r t s " ,  t o  a l l ow  communication between i t s  u s e r s  ( i . e . ,  t h e  
f i f t h  l e v e l  p r o c e s s e s )  . 

With r e f e r e n c e  t o  t h e  a d d r e s ~ i n q  e lement  of t h e  t r a n s p o r t  
s e r v i c e ,  t h e  f o l l ow ing  paramete rs  can be  de f i ned :  

a )  NTA i s  t h e  number o f  p o r t  a d d r e s s e s  a l lowed by t h e  
p o r t  add ress  space :  it i s  a  B-parameter;  

b )  HTA i s  t h e  overhead ( i n  number of  b i t s  p e r  message) ,  
i n t r oduced  by t h e  need f o r  p o r t  a d d r e s s i n g  space :  
it i s  a  C-parameter.  

Wi th in a  p o r t  " a s s o c i a t i o n "  - t h a t  c o n s t i t u t e s  t h e  suppo r t  
f o r  t h e  co l loquy  between t r a n s p o r t  u s e r s  - bo th  independen t ,  
u n r e l a t e d  messages,  c a l l e d  " l e t t e r g r a m s " ,  and s e q u e n t i a l ,  syn- 
ch ron ized  message exchange,  c a l l e d  " l i a i s o n v ,  a r e  a v a i l a b l e .  
The f o l l ow ing  B-parameter i s  now d e f i n e d :  

c )  ATL i s  t h e  a v a i l a b i l i t y  of t h e  l i a i s o n  s e r v i c e ,  de- 
f i n e d  a s  t h e  complement t o  1  o f  t h e  p r o b a b i l i t y  t h a t  
a  command f o r  e s t a b l i s h i n g  a l i a i s o n  i s  n o t  accom- 
p l i s h e d  f o r  r easons  independent  of  t h e  t r a n s p o r t  
u s e r  p rocesses  (of  bo th  t h e  p o r t s  invo lved  i n  t h e  
l i a i s o n  a s s o c i a t i o n  r e q u e s t ) .  



The analogous parameter  f o r  t h e  l e t t e r g r a m  s e r v i c e  has  by 
d e f i n i t i o n  t h e  v a l u e  1 ,  a s  " t h e  l e t t e r g r a m  s e r v i c e  i s  always 
a v a i l a b l e  on an a s s o c i a t i o n . "  

T ranspo r t  u s e r s  can exchange two k i nds  o f  messages: 
le t ters  and te leg rams.  From t h e  document, w e  f i n d  t h a t :  

" a  l e t te r  i s  a  v a r i a b l e  l e n g t h  p i e c e  o f  i n fo rmat ion  
w i t h  a  maximum s i z e . "  

" a  t e l eg ram i s  a  f i x e d  l eng th  p i e c e  of  i n f o rma t i on  
( a  few b i t s )  ."  

The fo l l ow ing  d e f i n i t i o n s  o f  B-parameters a r e  s t r a i g h t -  
forward : 

d )  LTL: is  t h e  maximum l e n g t h  o f  t h e  t r a n s p o r t  u s e r ' s  
i n fo rmat ion  t h a t  can be  p u t  i n t o  a  l e t te r ;  

e )  LTT: is  t h e  l e n g t h  o f  t h e  t r a n s p o r t  u s e r ' s  i n f o r -  
mat ion p u t  i n t o  a  te leg ram.  

The e r r o r  c o n t r o l  r e l i a b i l i t y  o f  t h e  t r a n s p o r t  s e r v i c e  is  
s p e c i f i e d  i n  t h e  document w i t h  t h r e e  l e v e l s  o f  gua ran tee  (mini-  
mum, r e g u l a r  and s u p e r i o r ) :  f o r  each of  them, t h e  s i g n a l l e d  
r e s i d u a l  b i t  e r r o r  r a t e ,  El and t h e  r e s i d u a l  b i t  e r r o r  r a t e ,  
E2, which is n o t  s i g n a l l e d ,  a r e  s p e c i f i e d .  With a n o t h e r  index  
i n d i c a t i n g  t h e  l e v e l  o f  gua ran tee  ( M I  R and S ,  r e s p e c t i v e l y ) ,  
t h e  fo l l ow ing  o b j e c t i v e s  f o r  t h e  o r d e r s  of  magni tude o f  t h e  
r e s i d u a l  b i t  e r r o r  r a t e s  a r e  i n d i c a t e d  i n  t h e  document: 

The co r respond ing  paramete rs  f ~ r  t h e  message e r r o r  r a t e ,  
r e f e r r i n g  t o  an average  message l e n g t h ,  can e a s i l y  be de f i ned .  
They w i l l  h e r e  be c a l l e d  " E T l I I L l I I ,  where 

I€ { 1 , 2 )  i n d i c a t e s  " s i g n a l l e d "  o r  " n o t  s i g n a l l e d "  
r e s i d u a l  message e r r o r  r a t e ,  and 

LB {M,R,s) i n d i c a t e s  t h e  l e v e l  o f  gua ran tee .  

The document a l s o  d e f i n e s  two l e v e l s  o f  gua ran tee  on se- 
quence e r r o r s :  t h e  f i r s t  l e v e l  g i v e s  no gua ran tee  (it shou ld  be 
s e l e c t a b l e  by t h e  t r a n s p o r t  u s e r  on l y  when t h e r e  i s  a  datagram- 
l i k e  d a t a  t r ansm iss ion  s e r v i c e ) ;  t h e  second l e v e l  i s  charac -  
t e r i s e d  by a  "maximum r a t e  o f  r e s i d u a l  l e t te r  sequenc ing e r r o r s " ,  
which w i l l  be c a l l e d  h e r e ,  E T S ~ ,  and by a  "maximum rate of  non- 
d e t e c t e d  l e t te r  sequenc ing e r r o r s  c a l l e d  h e r e ,  ETS2. 

Orders  o f  magnitude f o r  t h e s e  paramete rs ,  i n d i c a t e d  i n  t h e  
document a r e :  



For throughput and transit delays, the following specifi- 
cations for maximum value objectives are indicated in the 
document : 

1 .  90% of the maximum throughput provided by the 
data transmission service: this percentage 
parameter is referred to here as CTp; 

2 .  Additional delay introduced b the transport 3 0  I stations of less than 2 0 0  ms [ : referred to 
here as DTA. 

Also a maximum transit delay is defined [lo] , that "is a 
function of the characteristics of the data transmission ser- 
vice": this parameter will be referred to here as DTM. 

These B-parameters will be integrated here with other ones, 
analogous to those defined for X.25 throughput and delay speci- 
fications (see Section 3), but characterized also by both the 
"mode" of the transport service (i.e., lettergram (G) or 
liaison (L)) and the "option" chosen in a set of further op- 
tional facilities offered by the transport layer, as drawn in 
the document. These facilities deal with synchronization of 
the access of the transport users to the queue representing the 
flow of letters between their pair of ports (Figure 7a, which 
reproduces Figure 3 of INWG 96.1), namely: the Delivery Con- 
firmation (Figure 7b, which reproduces Figure 4 of INWG 96.1) 
related to a letter or a telegram, and the Credits for Trans- 
mission facility (Figure 7c, which reproduces Figure 5 of 
INKG 96.1), that "can be provided only within the liaison 
service and must be in effect during the whole liaison oper- 
ation". In other words, in the lettergram service it is pos- 
sible to access the queue without any synchronization facility 
or with Delivery Confirmation only: for liaison mode, there is 
a greater variety of choices and - in addition to those of 
lettergram mode - the queue can also be decreased with Credit 
for Transmission. 

So, in the following part of this Section the indices "S" 
and "X" have the following meaning: 

SE{G,L) stands for lettergram (G) or liaison (L) 
service ; 

x€[B,E) for S = G I  XE{B,C,E,F) for S = L, stands for: 

X = B: without any synchronization facility; 

X = C: with Credits for Transmission only; 

X = E: with Delivery Confirmation only; 

X = F: with both synchronization facilities 



The a v a i l a b i l i t y  o f  t h e  synchron iza t ion  f a c i l i t i e s  i n -  
c r e a s e s  t h e  o v e r a l l  r e l i a b i l i t y  o f  t h e  t r a n s p o r t  s e r v i c e ,  t h a t  
can be s p e c i f i e d  by t h e  fo l low ing  B-parameters'  d e f i n i t i o n :  

RTSXi  exp resses  t h e  r e l i a b i l i t y  of  t h e  t r a n s p o r t  s e r v i c e  [111 
I 

it is de f i ned  a s  t h e  p r o b a b i l i t y  t h a t  a  command, i s sued  on an 
a l ready  e s t a b l i s h e d  p o r t  a s s o c i a t i c n ,  is  s u c c e s s f u l l y  executed.  

Throughput and d e l a y  can be c h a r a c t e r i z e d  by t h e  B-par- 
amete rs '  d e f i n i t i o n s  g iven  below. Parameters  de f i ned  i n  p o i n t s  
a ) ,  b )  and e)  a r e  r e f e r r i n g  t o  a  g iven average l e t te r  l e n g t h ,  - 
L L  ( n o n - c h a r a c t e r i s t i c  parameter  of t h e  t r a n s p o r t  l a y e r ) ;  
fu r the rmore ,  t h e  parameters  d e f i n e d  below a r e  a l l  fo rmula ted 
under t h e  hypo thes i s  t h a t  no o t h e r  p o r t  a s s o c i a t i o n  i s  a c t i v e  
( i . e . ,  e s t a b l i s h e d  and w i th  t r a n s p o r t  u s e r  us ing  i t)  a t  t h e  
same t i m e  on both  t h e  T ranspor t  S t a t i o n s .  

a )  CTSX: i s  t h e  maximu~n . th roughput  [ 11 1 ach ievab le  
w i t h i n  an e s t a b l i s h e d  a s s o c i a t i o n :  it is  d e f i n e d  
i n  terms o f  l e t t e r s  p e r  second;  

b )  DTLsX :  s p e c i f i e s  t h e  average de lay  f o r  t h e  de- 
l i v e r y  o f  a  l e t te r  on an a l r e a d y  e s t a b l i s h e d  
a s s o c i a t i o n :  it i s  d e f i n e d  a s  t h e  average t i m e  
which has  e l a p s e d  from t h e  d e l i v e r y  of t h e  l a s t  
b i t  of  t h e  l e t t e r  t o  t h e  s e n d e r ' s  t r a n s p o r t  l a y e r ,  
t o  t h e  d e l i v e r y  of t h e  f i r s t  b i t  of  t h e  l e t te r  t o  
t h e  r e c e i v e r ' s  f i f t h  l e v e l  u s e r  p rocess  ( t h a t  i m -  
p l i e s  t h a t  t h e  whole l e t te r  has  been d e l i v e r e d  t o  
t h e  r e c e i v e r ' s  t r a n s p o r t  l a y e r  and p rocessed  by i t ) ;  

c)  DTTx: has  t h e  same d e f i n i t i o n  a s  DTLSX, excep t  f o r  
t h e  te legram;  

d )  DTEL: s p e c i f i e s  t h e  average de lay  f o r  t h e  e s t a b l i s h -  
ment of an a s s o c i a t i o n  i n  l i a i s o n  mode (it would be 
ze ro  by d e f i n i t i o n  i n  l e t t e r g r a m  mode): it i s  de- 
f i n e d  a s  t h e  average t i m e  which h a s  e l a p s e d  from 
t h e  p o i n t  a t  which t h e  t r a n s p o r t  u s e r  i s s u e d  t h e  
command f o r  " l i a i s o n  e s t a b l i s h " ,  t o  t h e  p o i n t  a t  
which t h e  t r a n s p o r t  l a y e r  i s s u e s  t h e  command t o  
t h e  t r a n s p o r t  u s e r  f o r  t h e  " l i a i s o n  e s t a b l i s h e d " ;  

e)  D T L ~ s x :  s p e c i f i e s  t h e  average round t r i p  d e l a y [ ~ ~ l l  
when De l i ve ry  Conf i rmat ion i s  i n  o p e r a t i o n :  it i s  
de f i ned  a s  t h e  average t i m e  which has  e l a p s e d  from 
t h e  p o i n t  a t  which t h e  t r a n s p o r t  u s e r  i s s u e s  t h e  
command f o r  "send l e t t e r "  t o  t h e  p o i n t  a t  which 
t h e  t r a n s p o r t  l a y e r  i s s u e s  t h e  command f o r  " d e l i v -  
e r y  o f  l e t te r  conf i rmed" ;  

f )  DTTRX: s p e c i f i e s  t h e  average round t r i p  de lay  f o r  
t h e  te legram:  it i s  d e f i n e d ' a s  f o r  t h e  p reced ing ,  
excep t  f o r  t h e  te legram.  



4 . 2  P a r a m e t e r s  o f  t h e  T r a n s p o r t  F u n c t i o n s  

The se t  o f  f u n c t i o n s  t a k e n  i n t o  a c c o u n t  i n  t h e  a c t u a l  imple-  
m e n t a t i o n  o f  t h e  t r a n s p o r t  protocol depends  upon b o t h  t h e  re- 
q u i r e d  t r a n s p o r t  s e r v i c e s  and t h e  a v a i l a b l e  d a t a  t r a n s m i s s i o n  
s e r v i c e .  Both t h e s e  a s p e c t s ,  o r  j u s t  one  o f  them, may r e q u i r e  
t h e  f r a g m e n t a t i o n  o f  a t r a n s p o r t  d a t a - u n i t ,  i .e . ,  a l e t te r ,  
b roken i n t o  s m a l l e r  " f ragmen ts "  - e a c h  o f  them p u t  i n t o  a  " t r a n -  
s p o r t  f rame"  - and i t s  reassemb ly  a t  t h e  r e c e i v e r .  

A f i r s t  s t a n d a r d  p a r a m e t e r  i s  t h e r e f o r e  d e f i n e d ,  LTF, 
b e i n g  t h e  b a s i c  s t a n d a r d  maximum f ragmen t  l e n g t h .  The document 
p r o v i d e s '  also t h e  o p t i o n  o f  " m u l t i f r a g m e n t "  t e x t  t h a t  c a n  be  
p u t  i n t o  t h e  same t r a n s p o r t  f rame.  F o r  t h i s  case, t h e  p a r a m e t e r ,  
NTMF, i s  d e f i n e d  h e r e :  t h e  maximum number o f  f r a g m e n t s  i n  a 
t r z n s p o r t  f rame.  

"Reassembly a t  t h e  r e c e i v e r  i s  p r o t e c t e d  by a t ime-ou t  
a s s o c i a t e d  w i t h  e a c h  l e t te r .  A t i m e r  i s  set  when t h e  f i r s t  ( i n  
t i m e )  f r agmen t  is r e c e i v e d .  I t  i s  reset o n  r e c e i p t  o f  e a c h  f r a g -  
ment ,  and  f i n a l l y  t u r n e d  o f f  when a l l  t h e  f r a g m e n t s  o f  t h e  l e t t e r  
have been r e c e i v e d .  I f  t h e  t ime-ou t  o c c u r s ,  reassemb ly  i s  a b o r t e d  
and t h e  l e t te r  i s  c o n s i d e r e d  e r r o n e o u s ;  i f  e r r o r  c o n t r o l  is  i n  
e f f e c t ,  e r r o r  r e c o v e r y  w i l l  t a k e  p l a c e " .  

The reassemb ly  t ime-ou t  is  r e f e r r e d  t o  h e r e  as TRS. 

I n  l e t t e r g r a m  mode, t h e  " e r r o r  c o n t r o l "  o p t i o n  means t h e  
acknowledgement o f  t h e  l e t te r  by t h e  r e c e i v e r  w i t h  a s p e c i a l  
message,  t h e  LG-ACK, as soon a s  t h e  whole l e t te r  h a s  been re- 
c e i v e d .  The i n t r o d u c e d  ove rhead  f o r  error c o n t r o l ,  HTGEI is  
t h e n  j u s t  t h e  l e n g t h  of t h e  LG-ACK, a s  " a  t ime-ou t  a l l o w s  t h e  
s e n d e r  t o  d e t e c t  p o s s i b l e  l o s s  o f  t h e  le t ter  (or o f  t h e  ack- 
nowledgement)  and t o  r e p o r t  t h i s  Lo t h e  t r a n s p o r t  u s e r " :  t h i s  
p a r a m e t e r  i s  r e f e r r e d  t o  h e r e  as TGE. 

I n  l i a i s o n  mode, some f u n c t i o n s  a r e  common t o  a l l  t h e  op- 
t i o n s ,  o t h e r s  depend on them. 

The document r e f e r s  t o  t h e  l i a i s o n  e s t a b l i s h e d  w i t h  o n l y  
t h e  common f u n c t i o n s  as " B a s i c " ;  t h e  one w i t h  t h e  D e l i v e r y  
C o n f i r m a t i o n  a s  " E r r o r  C o n t r o l " ;  and  t h e  one w i t h  C r e d i t s  f o r  
t r a n s m i s s i o n  + D e l i v e r y  Con f i rma t ion  o p t i o n s  a s  "Flow C o n t r o l "  [121- 

Basic l i a i s o n  f u n c t i o n s  a r e :  

- I n i t i a l i z a t i o n  and t e r m i n a t i o n ;  

- S e q u e n t i a l  t r a n s f e r  o f  le t ters ;  

- T r a n s f e r  o f  t e l e g r a m s .  

I n  F i g u r e  8 ,  which r e p r o d u c e s  F i g u r e  18 o f  t h e  document ,  
t h e  initialization/termination sta te  d iag ram i s  drawn. T h r e e  
t r a n s i e n t  s t a t e s  a r e  d e f i n e d :  l o c a l  o p e n i n g  ( s ta te  I ) ,  remote 
o p e n i n g  (s ta te  2 )  and c l o s i n g  (s ta te  3 ) .  T i n e - o u t s ,  T 

T ~ ~ ~ '  LRO and TLC, r e s p e c t i v e l y ,  p r o t e c t  e a c h  o f  them. 



For t h e  b a s i c  s e q u e n t i a l  t r a n s f e r  o f  l e t t e r s  - a s  w e l l  a s  
whenever E r r o r  c o n t r o l  i s  i n  o p e r a t i o n  - space  i s  needed f o r  
message i d e n t i f i c a t i o n  w i t h  a unique r e f e r e n c e  number. The 
co r respond ing  overhead,  i n  t e r m s  o f  number of  b i t s  p e r  nessage  
(bo th  l e t te r  and t e l e g r a m ) ,  i s  c a l l e d  i n  t h i s  pape r ,  HTR. 

The ,B-parameters f o r  sequencing have a l r e a d y  been de f i ned  
( E ~ ~ l  and E ~ ~ 2 )  

For  t h e  t r a n s f e r  o f  te leg rams ( i n t e r r u p t  f u n c t i o n )  t h e  
p o s s i b i l i t y  of  r e q u e s t i n g  acknowledgement i s  always a l lowed.  
The co r respond ing  overhead is a f u n c t i o n  of  HTT, t h e  l e n g t h  of 
t h e  LI-TAK message used f o r  t e l eg ram acknowledgement. A t i m e -  
ou t / r e t r ansm iss ion  mechanism per forms e r r o r  c o n t r o l  on tele- 
grams: TTT and NTT are t h e  t ime-out  and maximum number of  
t r a n s m i s s i o n s ,  r e s p e c t i v e l y .  

For a l i a i s o n  o p e r a t e d  w i t h  E r r o r  c o n t r o l :  

"The send ing  TS (T ranspo r t  S t a t i o n ,  N d A )  sends  l e t te rs  
( . . . )  and e x p e c t s  acknowledgement w i t h i n  a  maximum d e l a y  a f t e r  
t h e  l a s t  f ragment  of each  l e t te r  h a s  been s e n t " :  Th i s  t ime-out  
i s  r e f e r r e d  t o  h e r e  a s  TLE; " t h e  r e c e i v i n g  TS acknowledges 
le t ters  prompt ly ,  (w i t h i n  a  maximum d e l a y  a f t e r  t h e  l a s t  f r a g -  
ment has  been r e c e i v e d ) " :  t h i s  N-parameter is  r e f e r r e d  t o  
h e r e  as DLA. Piggybacking of  acknowledgements i s  a l lowed.  
A f t e r  t h e  t ime-out  e x p i r a t i o n ,  r e t r a n s m i s s i o n  i s  performed,  
w i t h  a maximum number of  t r ansm iss ions :  NLE. I f  t h i s  t h r e s h -  
o l d  i s  reached w i t hou t  s u c c e s s ,  " t h e  send ing  TS w i l l  d e c l a r e  
an unrecoverab le  e r r o r ,  in form i t s  u s e r  and t e r m i n a t e  t h e  
l i a i s o n " .  

For  a  l i a i s o n  o p e r a t e d  i n  Flow c o n t r o l  ( t h a t  i m p l i e s  E r r o r  
c o n t r o l ) ,  t h e  f o l l ow ing  a p p l i e s :  

" A t  i n i t i a l i z a t i o n  of  a l i a i s o n  w i t h  Flow C o n t r o l ,  each  end 
of t h e  l i a i s o n  can i n d i c a t e  t h e  naximum s i z e  o f  le t ters  t o  be 
rece i ved  . it i s  given i n  u n i t s  o f  o c t e c t s " .  Th is  w i l l  
be r e f e r r e d  to ,  as LTLF. Th is  i s  a B-parameter,  as it can be 
s e t  by t h e  t r a n s p o r t  u s e r  (w i t h i n  p o s s i b l e  c o n s t r a i n t s  of  l o c a l  
r e s o u r c e s h a r i n g ) ,  upper l i m i t e d  by LTL (see 4.1)  b u t  f i x e d  on l y  
w i t h i n  a s i n g l e  l i a i s o n .  

For  t h e  c r e d i t  f o r  t r a n s m i s s i o n s  o p t i o n ,  a  window i s  d e f i n e d  
whose l e n g t h  i n  let ters i s  exp ressed  by t h e  c r e d i t  number par -  
amete r ,  which i s  set  by t h e  r e c e i v e r :  l e t t h i s  be Yc,  an N-par- 
ameter w i t h  dynamica l ly  a d j u s t a b l e  va lue .  

F i n a l l y ,  t h e  need f o r  d i s t i n g u i s h i n g  t h e  v a r i o u s  k inds  of  
messages ( l e t t e r g r a m s ,  l i a i s o n  let ters,  t e l eg rams ,  acknowledge- 
ments of  v a r i o u s  k i n d s ,  etc. )  and ,  i n  each  mode, t h e  need f o r  
a d d i t i o n a l  f i e l d s  such a s  " f a c i l i t i e s "  and s o  on ,  i n t r o d u c e s  a 
c o s t ,  ve ry  v a l u a b l e  i n  terms of  overhead,  f o r  a b e n e f i t  t h a t  
canno t  be  measured i n  q u a n t i t a t i v e  t e r m s ,  i . e . ,  modu la r i t y  and 



a d a p t a b i l i t y  t o  v a r i o u s  t r a n s p o r t  u s e r  needs and t r a f f i c  p a t t e r n s .  
The overhead f o r  t h e s e  non- tex t  f i e l d s  o f  i n fo rmat ion  w i l l  be 
c a l l e d  i n  t h i s  paper  HTC,  de f i ned  i n  terms of  t h e  number o f  b i t s  
p e r  message. 

4.3 Summary o f  t h e  Parameters  o f  t h e  T ranspo r t  Layer 

Tab le  3 ,  which reproduces F igu re  21 o f  t h e  INWG 96.1 docu- 
ment,  i n d i c a t e s  t h e  e lements  o f  t h e  t r a n s p o r t  s e r v i c e s  t h a t  
d e f i n e  t h e  t r a n s p o r t  s e r v i c e  c l a s s e s :  a  s h o r t  n o t a t i o n  i s  
added t o  t h e  o r i g i n a l  F i g u r e ,  f o r  t h e  purpose o f  a b b r e v i a t i o n  
i n  t h e  n e x t  Tab le .  

Tab le  4 summarizes t h e  c h a r a c t e r i s t i c s  pa ramete rs  h i t h e r t o  
f o r  t h e  t r a n s p o r t  l a y e r :  it a l s o  shows t h e i r  c l a s s i f i c a t i o n  
fo l l ow ing  t h e  concep ts  expressed  i n  S e c t i o n  2 ,  and t h e  t r a n s p o r t  
s e r v i c e  c l a s s e s  and e lements  which t h e y  a r e  r e l e v a n t  t o .  

A s  a l readyrnen t ioned  i n  connec t ion  w i t h  t h e  network l a y e r  
p a r a ~ e t e r s ,  t h i s  set  may n o t  be comple te ,  a l s o  because some 
p o i n t s  i n  t h e  INWG 96.1 document a r e  " l e f t  f o r  f u r t h e r  s tudy "  
( e . g . ,  t h e  s p e c i f i c a t i o n s  o f  "check sum on le t ters" ,  n e g a t i v e  
acknowledgement, e tc . ) .  

5 .  THE SAflPLE ARCHITECTURE 

The a n a l y s i s  h i t h e r t o  developed h a s ,  among o t h e r  t h i n g s ,  
taken  i n t o  account  t h e  f a c t  t h a t  each  l a y e r  i s  " p a r t  o f  a  whole":  
f o r  each l a y e r ,  c h a r a c t e r i s t i c  pa ramete rs  have been d e f i n e d  i n  
such a  way t h a t  it i s  known: 

- how i t s  t r a n s i e n t  s t a t e s  ?re p r o t e c t e d ;  

- how it can use t h e  s e r v i c e s  and r e s o u r c e s  a v a i l a b l e  
from t h e  n e x t  lower l a y e r ;  

- how much overhead i s  i n t r oduced  i n  o r d e r  t o  per form 
i t s  f u n c t i o n s ;  

- how i t s  s e r v i c e s ,  prov ided t o  t h e  n e x t  h i ghe r  l a y e r ,  
can be e v a l u a t e d .  

~ u t ,  i f  t h e  whole network a r c h i t e c t u r e  i s  t aken  i n t o  con- 
s i d e r a t i o n ,  a  f i r s t  o b s e r v a t i o n  must be  made: t h e  a n a l y s i s  
h i t h e r t o  developed i s  n o t  s u f f i c i e n t ,  a s  no th i ng  has  been 
assumed abou t  t h e  way i n  which t h e  DCE t o  DCE t r a n s f e r  o f  i n f o r -  
mat ion t a k e s  p l a c e  (F igu re  9 ) .  With r e g a r d  t o  t h i s  q u e s t i o n  
mark i n  t h e  F i g u r e ,  t h e  f o l l ow ing  g e n e r a l  working hypotheses 
have been made i n  t h i s  paper :  

Hyp. 1 .  A packe t  sw i t ch ing  subnetwork t a k e s  t h e  respons i -  
b i l i t y  o f  t h e  t r a n s f e r  o f  t h e  in fo rmat ion  between 
DCEs ; 



Hyp. 2 .  A d i s t r i b u t e d ,  a d a p t i v e ,  minimum-delay r o u t i n g  
a l go r i t hm i s  de f i ned  i n  t h e  subnetwork o p e r a t i o n ;  

W e  w i l l  assume two p o s s i b l e  modes of  implementa t ion :  

a )  A datagram-type s e r v i c e ,  which r o u t e s  eve ry  
packe t  s e p a r a t e l y ,  and 

b )  The e s t a b l i s h i n g  o f  a  v i r t u a l  c a l l  p re-  
sumes t h a t  a l l  packe t s  of  t h e  same c a l l  a r e  
s e n t  ove r  t h e  same r o u t e .  

Hyp. 3 .  The "regime" topo logy o f  t h e  subnetwork ( i . e .  , 
when a l l  t h e  nodes and t h e  l i n e s  are a v a i l a b l e  
and n o t  conges ted)  is known. 

Th i s  i s  a  p re l im ina ry  s t e p  t h a t  had t o  be taken  f o r  t h e  
sake  of comple teness of  t h e  Sample A r c h i t e c t u r e :  t h e  r o u t i n g  
f u n c t i o n s  w i l l  be cons ide red  a s  be long ing t o  t h e  set  of func-  
t i o n s  performed on t h e  network l a y e r  o f  each node[141 . 

A s  t h e  Sample A r c h i t e c t u r e  i s  drawn i n  a  g e n e r a l  con f igu r -  
a t i o n ,  it i s  now impor tan t  t o  c o n s i d e r  t h e  consequences t h a t  
t h e  i n t e r c o n n e c t i o n  o f  d i f f e r e n t  l a y e r s  w i l l  have on t h e  d e f i -  
n i t i o n ,  f o r  each l a y e r ,  o f  t h e  c h a r a c t e r i s t i c  pa ramete r  set .  
Th is  a n a l y s i s  w i l l  be  made i n  t h e  f o l l ow ing  p a r t  o f  t h i s  Sec t i on  
f o r  some of  t h e  " q u a l i t a t i v e "  a s p e c t s  o f  t h e  i n t e r c o n n e c t i o n s ;  
i n  t h e  n e x t  Sec t i on  some " q u a n t i t a t i v e "  i n t e r r e l a t i o n s  w i l l  be 
deduced. 

I n  t h i s  pape r ,  on ly  t h e  matching of  t h e  T ranspo r t  Layer 
s p e c i f i c a t i o n s ,  g i ven  i n  INIilG 96.1,  w i t h  t h o s e  o f  t h e  Network 
Layer i n  t h e  DTE, g i ven  i n  t h e  X .  25  l e v e l  3[151 , i s  considered, 
I n  t h i s  connec t ion ,  INF!G 96.1 e x p l i c i t l y  s t a t e s :  

" I f  t h e  d a t a  t r ansm iss ion  s e r v i c e  and t h e  way it i s  
used a l r e a d y  p rov ides  some o f  t h e  t r a n s p o r t  s e r v i c e  
e lements ,  t h e n  t h e  co r respond ing  e lementa ry  f u n c t i o n  
o f  t h e  t r a n s p o r t  p r o t o c o l  w i l l  n o t  need t o  be  p u t  
i n t o  o p e r a t i o n " .  

I n  an X . 2 5  network,  t h e  a v a i l a b l e  d a t a  t r a n s m i s s i o n  ser- 
v i c e  between two T ranspo r t  S t a t i o n s  can be:  

1.  a  (set o f )  permanent v i r t u a l  c i r c u i t ( s ) :  PVC 

2 .  a  (set  o f )  swi tched v i r t u a l  c i r c u i t  (s )  : SVC 

I n  both  c a s e s ,  i n  o r d e r  t o  e s t a b l i s h  p o r t  a s s o c i a t i o n s ,  
t h e  T ranspo r t  p r o t o c o l  may o r  may n o t  b e  r e q u i r e d  t o  per form 
t h e  mu l t i p l ex i ng  of  t h e  c i r c u i t ( s )  between i t s  u s e r s .  There- 
f o r e ,  t h e  s e l e c t i o n  of  t h e  t r a n s p o r t  s e r v i c e  e lements  t h a t  
need a c t u a l l y  t o  be p u t  i n t o  o p e r a t i o n ,  depends s t r o n q l y  on 
what k ind  o f  d a t a  t r ansm iss ion  s e r v i c e  i s  used (PVC o r  SVC), 
and how it is  used (mu l t i p lexed  o r  non m u l t i p l e x e d ) .  



I n  t h e  f o l l o w i n g ,  a s  a  work ing h y p o t h e s i s ,  it w i l l  be  
assumed t h a t  (see S e c t i o n  3 . 3 . 5 )  : 

4.  Nv(aT)  s w i t c h e d  v i r t u a l  c i r c u i t s  are a v a i l a b l e  
t o  t h e  T r a n s p o r t  S t a t i o n ,  t h e ' a d d r e s s  o f  which 
i s  a ~ ;  t h e  T r a n s p o r t  S t a t i o n  i s  r e q u i r e d  t o  
p e r f o r m  t h e  m u l t i p l e x i n g  o f  t h e  v i r t u a l  c i r c u i t  
between p o r t s  t h a t  have  t o  b e  a s s o c i a t e d  w i t h  
remote po r t?#  b e l o n g i n g  t o  t h e  same remote  Tran- 
s p o r t  S t a t i o n  ( i . e . ,  a r e  on t h e  same DTE a d d r e s s ) .  

A l so  f o r  t h e  l i a i s o n  initialization/termination e l e m e n t  o f  
s e r v i c e ,  some c h o i c e  h a s  t o  b e  made, i . e . ,  a s  t o  w h e t h e r  t h e  
exchange o f  LI-INIT messages  h a s  t o  b e  pe r fo rmed  o n l y  on  a l r e a d y  
s e t - u p  v i r t u a l  c i r c u i t s ,  or  n o t  L16 ]  . 

I t  w i l l  b e  assumed h e r e  a s  a  work ing  h y p o t h e s i s  t h a t :  

5.  t h e  i n i t i a l i z a t i o n  o f  a  l i a i s o n  i s  a lways  t r i e d  
o n l y  on a n  a l r e a d y  e s t a b l i s h e d  v i r t u a l  
c o n n e c t i o n  [ 171 . 

T h i s  h y p o t h e s i s  i s  q u i t e  d i f f e r e n t  f rom t h e  one assumed i n  
Sex ton  1 9 7 6 :  t h e  main r e a s o n  is  t h a t  i t h a s  been c o n s i d e r e d  
p r e f e r a b l e  i n  t h i s  p a p e r  t o  c o m p l e t e l y  s e p a r a t e  t h e  c o n n e c t i o n  
between T r a n s p o r t  S t a t i o n ,  t h a t  i s  t h e  e s t a b l i s h m e n t  o f  a n  X.25 
DTE-DTE v i r t u a l  c o n n e c t i o n  f rom t h e  c o n n e c t i o n  between Trans-  
p o r t  Users, t h a t  is  a  TS P o r t - P o r t  a s s o c i a t i o n .  

Regard ing  t h e  t r a n s p o r t  o f  l e t te rs ,  even  i f  t h e  d a t a  t r a n s -  
m i s s i o n  s e r v i c e  c a n  p r o v i d e  t h e  s e q u e n t i a l  d e l i v e r y  o f  p a c k e t s ,  
h a v i n g  t h e  more-data b i t  set  t o  o n e ,  t h e  need  f o r  f r a g m e n t a t i o n  
c a n  s t i l l  a r i s e ,  i n  o r d e r  t o  a v o i d  l o n g  l e t te rs  monopo l i z i ng  t h e  
v i r t u a l  c o n n e c t i o n t a t  t h e  expense  o f  o t h e r  p r o c e s s e s  (on o t h e r  
TS p o r t s )  s h a r i n g  t h e  same v i r t u a l  c o n n e c t i o n :  t h e  need  f o r  
f r a g m e n t a t i o n  i s  t h e r e f o r e  a d i r e c t  consequence o f  Hyp. 4 .  
Moreover,  when E r r o r  C o n t r o l  i s  i n  o p e r a t i o n ,  t h e  need f o r  ack-  
nowledgement i s  a  consequence of t h e  f a c t  t h a t  t h e  u p d a t i n g  o f  
t h e  l o w e s t  window e d g e ,  P  ( R )  , between DTE and DCE, h a s  o n l y  a  
l o c a l  meaning (see S e c t i o n  3 .3 .3 ,  n o t e  [3 ]  ) : b u t  i f  t h e  Trans-  
p o r t  S t a t i o n s  have t o  o p e r a t e  o n l y  on a  ne twork  t h a t  g i v e s  end- 
t o  end s i g n i f i c a n c e  t o  P ( R ) ,  no  need  e x i s t s  f o r  f u r t h e r  ack- 
nowledgement: e a c h  TS n e e d s  o n l y  t o  b e  " i n fo rmed"  by t h e  n e x t  
lower  l a y e r  whenever a  reset h a s  o c c u r r e d  on a l o c a l  l o g i c a l  
c h a n n e l .  

The t r a n s p o r t  o f  t e l e g r a m  can  b e  d i r e c t l y  mapped o n t o  t h e  
X.25 l e v e l  3 t r a n s f e r  o f  i n t e r r u p t s .  I t  i s  t h e  o p i n i o n  o f  t h e  
a u t h o r s ,  however,  t h a t  t h e  n e e d  f o r  t e l e g r a m  acknowledgement w i t h  
a  t i m e - o u t / r e t r a n s m i s s i o n  mechanism s h o u l d  be more f u l l y  d i s c u s s e d ;  
i n  f a c t ,  it s h o u l d  b e  n o t e d  t h a t  r e t r a n s m i s s i o n  o f  an uncon- 
f i r m e d  i n t e r r u p t  c a n  o n l y  t a k e  p l a c e  a f t e r  a  reset o f  t h e  l o g i -  
ca l  c h a n n e l  h a s  been pe r fo rmed ,  whe the r  t h e  s i g n i f i c a n c e  o f  t h e  
i n t e r r u p t  c o n f i r m a t i o n  p a c k e t  be  l o c a l  or  end- to-end (see 
S e c t i o n  3 . 3 . 2 ) .  

F i n a l l y ,  t h e  o p t i o n a l  p e r f o r m i n g  o f  End-to-End Flow c o n t r o l  
s h o u l d  b e  m a i n t a i n e d ,  a s  t h i s  e l e m e n t  o f  t h e  s e r v i c e  is  n o t  p ro -  
v i d e d  by t h e  X.25 d a t a  t r a n s m i s s i o n  s e r v i c e  (see S e c t i o n  4 .2 ,  
n o t e  [ 1 2 ] ) .  



6. SOME INTERDEPENDENCIES BETWEEN CHARACTEF.ISTIC PARA11ETERS 

I n  t h i s  S e c t i o n ,  a  s h o r t  a n a l y s i s  w i l l  be made of  t h e  
i n te rdependenc ies  t h a t  n e c e s s a r i l y  a r i s e  i n  t h e  e v a l u a t i o n  o r  
a s s i g n a t i o n  of v a l u e s  t o  c h a r a c t e r i s t i c  pa ramete rs  o f  d i f f e r e n t  
p r o t o c o l  l a y e r s .  A complete and d e t a i l e d  a n a l y s i s  o f  - a l l  t h e  
paramete rs  i s  f a r  from t h e  i n t e n t i o n  of  t h e  a u t h o r s :  on l y  a  
few of them w i l l  be t aken  i n t o  accoun t ,  i n  o r d e r  t o  show how, 
f o r  sample f e a t u r e s  o f  t h e  a r c h i t e c t u r e ,  model ing,  o r  e x p e r i e n c e ,  
o r  ( b e t t e r )  bo th ,  can be used a s  t o o l s  f o r  t h e  d e s i g n e r s  o r  t h e  
implementors o f  an a r c h i t e c t u r e .  

A s  a  f i r s t  example o f  t h i s  way of  r eason ing ,  t h e  f o l l ow ing  
approach t o  t h e  problem of  t h e  agreement of  t h e  v a l u e s  f o r  t h e  
T -paramete rs ,  T I  and N2, o f  t h e  X.25 l i n k  l e v e l  i n t e r f a c e  between 
DTE and DTE, proposed i n  t h e  Recommendation X .  25 (see S e c t i o n  3 .2)  , 
can be cons idered .  

A s  t h i s  t i m e r  i s  s t a r t e d  from t h e  DTE (DCE) on t h e  t r a n s -  
m iss ion  of  an  I - f rame, no w a i t i n g  t i m e  f o r  DCE (DTE) busy con- 
d i t i o n  c l e a r i n g  has  t o  be t aken  i n t o  accoun t .  The w o r s t o c -  
c u r r e n c e  i s  when t h e  l o n g e s t  frame ( c o n t a i n i n g  N1 b i t s )  i s  
t r a n s m i t t e d  by t h e  sende r  and it i s  acknowledged, a f t e r  t h e  
maximum t i m e ,  T2, by t h e  r e c e i v e r  by means of  an acknowledgement 
piggybacked i n t o  t h e  l o n g e s t  i n f o rma t i on  f rame. The fo l l ow ing  
r e l a t i o n  can be used:  

TI = T2 + 2(= + d*) , 
C1 

where d* has  t o  be a  p e s s i m i s t i c  es t ima- t ion  of  a d d i t i o n a l  
d e l a y s  i n t r oduced  by modems, p ropaga t ion  t i m e ,  and o t h e r  p o s s i b l e  
secondary f a c t o r s .  The f o l l ow ing   lati ti on, a s  a n t i c i p a t e d  i n  
Sec t i on  3 .2 ,  t a k e s  p l a c e  by d e f i n i t i o n :  

and,  by t h e  s p e c i f i c a t i o n s  of  HDLC frame fo rma t ,  t h e  f o l l ow ing  
r e l a t i o n s  a l s o  t a k e  p l a c e :  

where t h i s  va lue  o f  HM can be ach ieved i f  t h e  whole frame con- 
sists o f  ones.  It is  a l s o  c l e a r  t h a t  H, i n c l u d e s  f l a g s  (16 
b i t s ) ,  add ress  and c o n t r o l  f i e l d s  (16 b l t s )  and checksum f i e l d  
(1 6  b i t s )  , and i s  always p r e s e n t .  The re fo re :  



A s  a  f i r s t  r e s u l t ,  w e  g e t :  

The e v a l u a t i o n  of  t h e  maximum number of t r a n s m i s s i o n  o f  
t h e  same f rame,  N 2 ,  shou ld  t a k e  i n t o  accoun t  t h e  error  r a t e  
o f  t h e  l i n e ,  from one s i d e ,  and t h e  l i n k - l e v e l  average d e l a y ,  
D L  and a v a i l a b i l i t y  AL (R-parameters) ,  f rom t h e  o t h e r  s i d e .  
I t  i s  q u i t e  obv ious t h a t ,  i n c r e a s i n g  N2 means i n c r e a s i n g  bo th :  
w h i l s t  t h e  second i s  an improvement, an i n c r e a s e d  d e l a y  shou ld ,  
however, be  ma in ta ined  under a c c e p t a b l e  v a l u e s .  AL can be 
e s t i m a t e d  by t h e  fo l l ow ing :  

where to i s  a  d e f i n e d  t i m e  o f  o p e r a t i o n  of  t h e  l i n k ,  d r  i s  t h e  
average T i m e  s p e n t  f o r  l i n k  reset,  and n r  i s  t h e  number of  t ines 
t h a t  t h e  l i n k  had t o  be reset d u r i n g  t h e  t i m e ,  t 

OP ' 
I t  can be 

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

where n; ( N 2 )  i s  t h e  component o f  n r  due t o  N2 unsuccess fu l  t r a n s -  
a i s s i o n s  o f  t h e  same f rame,  and n: i s  t h e  component of  n r  due t o  
o t h e r  r e a s o n s  ( f o r  example t h e  r e c e i p t  o f  t h e  i n v a l i d  frarce f o r m a t ) ,  
and a s  a  consequence:  

w i t h  

The p r o b a b i l i t y  p, t h a t  a  frame i s  e r r o r - f r e e  depends upon 
t h e  l e n g t h  o f  t h e  f rame,  LF, and t h e  e r r o r  r a t e  o f  t h e  l i n e :  



The p r o b a b i l i t y ,  p r ,  t h a t  a  l i n k  reset c o n d i t i - o n  i s  r e a c h e d ,  
f t e r  N2 t r a n s m i s s i o n s  o f  t h e  same f rame,  depends  upon t h e  t r a f -  
i c  p a t t e r n .  The w o r s t  c a s e  i s  when t h e  l i n k  i s  f u l l y  u t i l i z e d  

i n  b o t h  d i r e c t i o n s  w i t h  f rames  o f  maximum l e n g t h ,  N1: i n  f a c t ,  
i n  t h i s  c a s e ,  t h e  l o s s  o f  an  acknowledgement a lways  g e n e r a t e s  t h e  
r e t r a n s m i s s i o n  o f  t h e  f rame.  T h i s  w o r s t  c a s e  i s  examined h e r e ,  
i n  o r d e r  t o  f i n d  a n  upper  l i m i t  e x p r e s s i o n  f o r  AA; (N2) .  

I n  t h i s  c a s e ,  it i s  t r u e  t h a t :  

I n  f a c t ,  it i s  a l s o  t r u e  t h a t :  

and ,  f rom ( 1  I ) ,  r e l a t i o n  (12 )  f o l l o w s .  

The p r o b a b i l i t y ,  ps ,  t h a t  a  f rame w i l l  b e  s u c c e s s f u l l y  t r a n s -  
m i t t e d  and  acknowledged on  t h e  M-th t r i a l  (M - < N2) ,  a lways  b e i n g  
i n  e r r o r  i n  t h e  p r e c e d i n g  PI-1 t r i a l s ,  is: 

and a g a i n ,  f rom (1 1 )  it f o l l o w s  t h a t :  

The l o s s  o f  a  f rame s e n t  f rom A t o  B g e n e r a t e s  t h e  "was te "  
o f  t i m e  T I ,  i n  t h e  d i r e c t i o n  A + B ,  and t h e  w a s t e  o f  t h e  
t i m e  twr i n  t h e  d i r e c t i o n  B + A ,  where 

= T1 -(% + d*) = TI + T2 
t w r  2  , 

t w r  
= TI , 

i f  t h e  s u c c e d i n g  f r a n e  i s  a l s o  l o s t  [ I 81  . The sum o f  t h e  a v e r a g e  



t i m e s  w a s t e d  i n  b o t h  d i r e c t i o n s  f o r  t h e  loss o f  a  f rame i s  
t h e r e f  o r e  

and from ( 1  1  ) 

- 
Then t h e  a v e r a g e  t i m e ,  ts s p e n t  ( i n  b o t h  d i r e c t i o n s )  t o  t r a n s -  
m i t  s u c c e s s f u l l y  a f rame,  can  b e  c a l c u l a t e d  a s  

And f rom ( I ) ,  (13 )  and ( 1 4 ' ) ,  it f o l l o w s  t h a t  

The t i m e ,  tr  , s p e n t  i n  u n s u ~ c e s s f u l l y  t r a n s m i t t i n g  a  f rame 
t h a t  c a u s e s  t h e  reset o f  t h e  l i n k  i s  

When n: = 0 ,  it c a n  b e  a s s e s s e d  t h a t :  

where n  i s  t h e  number o f  s u c c e s s f u l l y  t r a n s m i t t e d  f r a m e s  d u r i n g  
( i n s b o t h  d i r e c t i o n s )  . 
A s  i t c a n  be measured a s  f o l l o w s :  

n' 



(17 )  becomes: 

t h a t  i s  : 

I n t r oduc ing  ( 1 9 ' )  and (16)  i n  ( 9 )  , it becomes f i n a l l y :  

w i t h  

and h e r e  t h e  f o l l ow ing  a r e  r e c a l l e d :  

TI = TI (T2,Nl ,C! ,d* )  = T2 + 2 (N1/C1 + d* )  ; (25 )  

f s  e x p r e s s e s  a l s o ,  i n  t h e  w o r s t  c a s e  examined h e r e ,  t h e  average  
va lue  o f  t h e  component o f  t h e  d e l a y s  DL(DTE -+ DCE) and 
DL(DCE +- DTE) - i n  each  t r a n s m i s s i o n  d i r e c t i o n  - due t o  t h e  
t r ansm iss ion  p rocess .  The a c t u a l  v a l u e  o f  t h i s  d e l a y  must 
t a k e  i n t o  account  t h e  w a i t i n g  t imes  due t o  "DCE busy" and 
"DTE busy" c o n d i t i o n s ,  r e s p e c t i v e l y .  However, from (8) , ( 9 )  , 
( 2 0 ) ,  ( 2 1 ) ,  ( 2 2 ) ,  (23)  and !26 ) ,  one can e a s i l y  see t h a t  t h e  
i n c r e a s e  i n  N 2  means, not on l y  an i n c r e a s e  i n  t h e  a v a i l a b i l i t y ,  
bu t  a l s o  an i n c r e a s e  i n  t h e  d e l a y .  



I t  is now t i m e  t o  make a  s t u d y  f rom a n  u p p e r - l e v e l  p o i n t  
o f  v iew. An i n t e r e s t i n g  prob lem c a n  be  t h e  e v a l u a t i o n  o f  
i n t e r r e l a t i o n s  between t h e  t ime-ou ts  t h a t  r e g u l a t e  t h e  open ing  
o f  a l i a i s o n , a n d  B-parameters  o f  t h i s  e l e m e n t  o f  t h e  t r a n s p o r t  
s e r v i c e ,  s u c h  as d e l a y ,  DTEL,  and a v a i l a b i l i t y ,  ATL (see 
S e c t i o n  4.1 and T a b l e  4 )  

The s e t t i n g  o f  p r o p e r  v a l u e s  f o r  t h e  t i m e - o u t s ,  TLLO, 
TLRO (see S e c t i o n  4 . 2 ,  F i g u r e  8 and T a b l e  4 )  , and TTp2, 
TCp3 (see S e c t i o n  3 . 3 . 1 . 1 ,  F i g u r e  3a and T a b l e  2 ) ,  c a n  b e  
e s t a b l i s h e d ,  t a k i n g  i n t o  a c c o u n t  some p a r a m e t e r s  o f  t h e  d i s t r i -  
b u t i o n s  o f  t h e  p r o p e r  components o f  t h e  d e l a y s  DTEL and  D 5' (see S e c t i o n  3.3.5 and T a b l e  2 ) ,  r e s p e c t i v e l y  - by one s i  e - 
and some o b j e c t i v e  v a l u e s  f o r  t h e  a v a i l a b i l i t i e s ,  ATL and Ap 
(see S e c t i o n  3 .3 .5  and  T a b l e  2 ) ,  r e s p e c t i v e l y  - by t h e  o t h e r  
s i d e .  The a v a i l a b i l i t y  depends  b o t h  on l o c a l  f a c t o r s ,  e . g .  
t h e  number o f  b u f f e r s  and t h e  a v e r a g e  and peak-hour  number o f  
c o n c u r r e n t  c o n n e c t i o n s  ( p r o v i d e d  by t h i r d  l e v e l )  or a s s o c i a t i o n s  
( p r o v i d e d  by f o u r t h  l e v e l ) ,  and on ne twork  f a c t o r s ,  e . g . ,  
t h e  i n f l u e n c e  o f  t h e  l o a d  o f  t h e  subnetwork  on  i t s  component 
t o  t h e  d e l a y .  I f :  

1.  dkpA, drpB a r e  random v a r i a b l e s  t h a t  r e p r e s e n t  
t e l o c a l  t h i r d  l e v e l  d e l a y s  o f  DTEA, DTEB, 
r e s p e c t i v e l y ,  f o r  t h e  e s t a b l i s h m e n t  o f  a local- .  
remote - ( r e s p e c t i v e l y )  r e q u e s t e d  c o n n e c t i o n  ; 

2. drTB i s  t h e  random v a r i a b l e  t h a t  r e p r e s e n t s  t h e  
loca l  TSB d e l a y  i n  a c c e p t i n g  t h e  e s t a b l i s h m e n t  
o f  t h e  r e m o t e - r e q u e s t e d  c o n n e c t i o n ;  

3. ds ( A , B , L p )  i s  t h e  random v a r i a b l e  t h a t  r e p r e s e n t s  
t h e  d e l a y  i n t r o d u c e d  by t h e  subnetwork  f o r  t h e  
t r a n s f e r  o f  a  p a c k e t  o f  l e n g t h  L W  f rom DCEA t o  
DCEB ( t h i r d  l e v e l  d e l a y s  i n c l u d e d )  ; 

4 .  d l ~ c  (A ,$  ) , dl CT ( A , $ )  a r e  random v a r i a b l e s  t h a t  
r e p r e s e n t  t h e i l i n k  l e v e l  d e l a y  f rom DTEA t o  DCEA , 
f r o n  DCEA t o  DTEA, r e s p e c t i v e l y ,  f o r  t h e  t r a n s f e r  
o f  a  p a c k e t  o f  l e n g t h  L  ; 

r, 

5 -  $ ~ A B  i s  t h e  random v a l u e  o f  t h e  a c t u a l  d e l a y  
o r  t h e  e s t a b l i s h m e n t  o f  t h e  v i r t u a l  c o n n e c t i o n  

between TSA and TSB, r e q u e s t e d  by TSA; 

it i s  t r u e  t h a t :  



where LRI i s  t h e  l e n g t h  of t h e  p a c k e t s '  C a l l  Request and Incoming 
C a l l ,  and LAC i s  t h e  l e n g t h  o f  t h e  C a l l  Accepted and C a l l  Con- 
nec ted  packe t s .  I n  o r d e r  t h a t  t h e  connec t ion  a c t u a l l y  be es tab -  
l i s h e d ,  it i s  necessa ry  t h a t  t h e  fo l l ow ing  t a k e s  p l a c e :  

The a v a i l a b i l i t y ,  A can be expressed  a s  f o l l ows :  
pe '  . 

A = 1 - AA' - AA" + A A '  AA" 
Pe Pe Pe Pe Pe 

(29 

where A A '  r e p r e s e n t s  t h e  p r o b a b i l i t y  t h a t  t h e  connec t ion  w i l l  
Ye n o t  be e s t a b l i s h e d  because e i t h e r  (28)  o r  ( 2 8 ' )  i s  n o t  respec-  

t e d ,  and aA:e r e p r e s e n t s  t h e  same, b u t  f o r  d i f f e r e n t  r easons  
(e .g .  , l a c k  o f  b u f f e r s )  . AAbe can depend, i n  i t s  t u r n ,  on t h e  
number nc o f  concu r ren t  connec t ions  on each o f  t h e  twoDTEs. I t  
can be f o reseen  t h a t  it i s  a f u n c t i o n ,  growing w i t h  nc. With 
t h e  p o s i t i o n :  

AA' = AA' pe ("c 
= 4 )  < AA' 

pe @ Fe (nc 
> 0 )  , (30 

it can be e s t a b l i s h e d  t h a t :  

AA' = A A '  + AA'* . 
Pe pe@ Pe 

(31 

I f  t h e  d e l a y s  t h a t  appear  i n  (28)  , (28 '  ) a r e  examined under t h e  
hypo thes i s  t h a t  no o t h e r  concu r ren t  v i r t u a l  connec t ions  w i l l  be 
( o r  a r e  b e i n g )  e s t a b l i s h e d ,  bo th  on TSA and on TSB, t h e  compon- 
e n t ,  AA;,@ of  Ape can be e s t i m a t e d .  

Le t  us  denote  

From (28)  and ( 2 8 ' )  it f o l l ows  t h a t  



I f  n o t h i n g  c a n  b e  a s s e s s e d  a b o u t  t h e  d i s t r i b u t i o n  o f  d2 
and d 1 2  , e x c e p t  t h a t  t h e y  have a v e r a g e  v a l u e s  d2 and Z 1 2 ,  and 

2  v a r i a n c e s  ~2 and S 1 2 , r e s p e c t i v e l y ,  and  t h a t  t h e y  are m u t u a l l y  
i n d e p e n d e n t  ( t h a t  1s a  v e r y  b r o a d  h y p o t h e s i s ,  u n d e r  t h e  assump- 
t i o n  t h a t  n o  o t h e r  t r a f f i c  i s  g e n e r a t e d  by b o t h  DTEA and DTEB 
on t h e  s u b n e t w o r k ) ,  t h e n  t h e  Kolmogorov ls  i n e q u a l i t y  can  pro-  
v i d e  an upper  bound t o  AA' . I n  f a c t ,  it s ta tes ,  i n  t h i s  case, 
t h a t  - f o r  e v e r y  t > 0 - 8'" h e  p r o b a b i l i t y  o f  t h e  s i m u l t a n e o u s  
r e a l i z a t i o n  o f  t h e  i n e q u a l i t i e s  

-2 - - 2  2  i s a t  leas t  1 - t ( b e i n g d l  = d l 2  + d 2 :  S: = 8 1 2 + S 2 ,  f o r t h e  
a s s e s s e d  s t o c h a s t i c  independence o f  d12 and d 2 ) .  C o n s i d e r i n g ,  
f o r  o b v i o u s  r e a s o n s ,  o n l y  t h e  c a s e  i n  which d 1 2  > d I 2 , d l  > a l ,  
it f o l l o w s  t h a t :  

T h a t  is :  

where d?  A i s  a  c o n s t a n t ,  e v a l u a t i n g  t h e  minimum v a l u e  o f  d  . AG' 
I f  t h e  distributions o f  d l  and  d2 can  b e  app rox ima ted  by wel!? 
known d i s t r i b u t i o n s ,  b e t t e r  i n t e r r e l a t i o n s  can  b e  found .  I t  
i s ,  however,  con f i rmed  t h a t  l a r g e  a v a i l a b i l i t y  and  s m a l l  d e l a y  
a r e  o p p o s i t e  r e q u i r e m e n t s ,  between which a  b a l a n c e  s h o u l d  b e  
n o t  o n l y  made i n  t h e  d e s i g n  p h a s e ,  b u t  f u r t h e r m o r e  c o n t r o l l e d  
and u p d a t e d  i n  t h e  o p e r a t i o n a l  p h a s e .  

The a v a i l a b i l i t y  o f  t h e  t r a n s p o r t  s e r v i c e  can  be  e x p r e s s e d  
a l s o  a s :  



where t h e  meaning of  t h e  components i s  analogous t o  t h a t  i n d i -  
c a t e d  f o r  t h e  t h i r d  l e v e l .  I t  i s  t r u e  t h a t :  

where AALVm r e p r e s e n t s  t h e  p r o b a b i l i t y  t h a t  t h e  l i a i s o n  w i l l  no t  
be e s t a b l i s h e d ,  once t h e  connect ion has been e s t a b l i s h e d ,  because 
one of  t h e  t ime-outs ,  TLLO, RRO, exp i red  f o r  t h e  excess i ve  va lue  
of  t h e  corresponding de lay .  I t  i s  l e f t  t o  t h e  d i s c r e t i o n  of  t h e  
r e a d e r  t o  apply  t h e o r e t i c a l  t o o l s  t o  t h i s  case  a l s o .  

I n  o r d e r  t o  i n d i c a t e  another  case  of interdependency between 
t ime-outs and o t h e r  parameters  o f  d i f f e r e n t  l a y e r s ,  t h e  " t rans -  
p o r t  of  l e t t e r s "  e lement of  t h e  t r a n s p o r t  s e r v i c e  w i l l  be con- 
s i d e r e d  as t h e  l a s t  (bu t  no t  l e a s t )  case .  

A s  an example, we can look a t  t h e  t i m e  d e l i v e r y  of  u s e r  
packe ts  i n  t h e  l i a i s o n  mode i n  t h e  INWG 96.1,  and i n  p a r t i c u l a r  
parameter TLE of t h e  sending s t a t i o n ,  and parameter  TRS of t h e  
r e c e i v i n g  s t a t i o n .  

I f  t h e  TRS e x p i r e s ,  and no new f r a ~ e  of  t h e  le t te r  a r r i v e s ,  
t h e  le t te r  i s  cons idered  t o  be  l o s t ,  and t h e  le t te r  should be 
r e t r a n s m i t t e d .  Wait ing t i m e ,  TLE, is set up a t  t h e  sending 
s t a t i o n  f o r  expected acknowledgement from t h e  r e c e i v i n g  s t a t i o n .  

I t  i s  q u i t e  obvious t h a t ,  i f  TL i s  t o o  s m a l l ,  t h i s  w i l l  
l e a d  t o  r e p e t i t i o n  of  a l e t t e r ,  whicK can be p a r t i c u l a r l y  dan- 
gerous when t h e  network is over loaded;  t h e r e f o r e ,  i f  t o o  smal l  
a TLF is set up, t h e  l oad  w i l l  be unnecessa r i l y  i nc reased .  I f  
TLE 1s t o o  g r e a t ,  t h i s  w i l l  slow down t h e  whole system. Again, 
if TRs is  t o o  sma l l ,  t h i s  w i l l  l e a d  t o  unnecessary i n t e r r u p t i o n  
of  t h e  reassembly p rocess ,  and i 5  TRS i s  t o o  g r e a t ,  t h i s  w i l l  
block t h e  resou rces  of  t h e  r e c e i v i n g  s t a t i o n .  

S i m i l a r  problems a r i s e  a l s o . i n  t h e  l e t t e r g r a m  mode w i th  
TGE and TRS parameters .  I f  TGE i s  t o o  s m a l l ,  t h e r e  is  a s t r o n g e r  
p o s s i b i l i t y  of t h e  l e t t e r g r a m  being cons idered  l o s t ,  when it i n  
f a c t  is n o t ,  and unnecessary a c t i o n s  can be caused a t  t h e  h ighe r  
l e v e l .  The secondary e f f e c t  of  t h e  inadequate s e t t i n g  of TGE 
o r  TLE is t h a t  i t l e a d s  t o  i n c o r r e c t  count ing a s  e r r o r s ,  of  a l l  
c a s e s  when t h e - o u t  e x p i r e s .  The l e t t e r  i s ,  however, a c t u a l l y  
d e l i v e r e d  and ACK i s  n o t  l o s t ,  b u t  comes i n  l a te r .  

I n  t h e  case  t h a t  t h e  s e t t i n g  of TGE and TLE i s  t o o  s t r i c t ,  
t h i s  causes an u n j u s t i f i e d  i n c r e a s e  i n  E T ~ P ~  and E T ~ R  ( o r  E T ~ s )  , 
r e s p e c t i v e l y .  I n  ano the r  s e t  of B-parameters l i k e  RTGE, RTLE 
and RTLF, which exp resses  t h e  r e l i a b i l i t y  of  t h e  t r a n s p o r t  ser- 
vice, t o o  s t r i c t  a s e t t i n g  of  TGE and TLE w i l l  cause an u n j u s t i -  
f  i a b l e  decrease.  



I f  w e  c o n s i d e r  t h e  t r a n s p o r t  s e r v i c e  between s t a t i o n s  A and 
B ,  which w e  assume, f o r  s i m p l i c i t y ,  t o  be connec ted  w i t h  t h e  
s w i t c h i n g  nodes - DCEA and DCEB - t h e n  TLE dqpends,  among o t h e r  
p a r a m e t e r s ,  on t h e  sum o f  t: and t E ,  where t l  is  t h e  d e l i v e r y  
t i m e  o f  a  packe t  f rom t h e  node i ,  t o  t h e  nod2 j .  I f  t h e  r o u t i n g  
mechanism i s  based upon t h e  packe t  d e l i v e r y  t i m e ,  as i s  assumed 
above i n  o u r  model (Hyp. 2),i e - g .  , " r e l i e f " ,  o r  as it i s  used 
i n  t h e  ARPA network ,  t h e n  t j  is  j u s t  an e n t r y  o f  t h e  co r respon-  
d i n g  r o u t i n g  m a t r i x .  

i 
We do n o t  know, however,  t i n  node i ,  b u t  a r e a s o n a b l e  

e s t i m a t i o n  o f  t l  can be  o b t a i n e $  from ti, assuming t h a t  t h e y  
a r e  equa l .  ~ o m 2  e x p e r i m e n t a l  t es t s  have shown t h a t  t h i s  assump- 
t i o n  is f e a s i b l e  i n  most  c a s e s ,  and i s  more a p p l i c a b l e  t o  l a r g e  
networks  t h a n  t o  s m a l l  ones .  

I n  o r d e r  t o  estimate TRS,aga in  i n f o r m a t i o n  from t h s  r o u t i n g  
m a t r i x  can be  used.  I f  receiving s t a t i o n  B knows t h e  tA d e l i v -  
e r y  t imeAof a  p a c k e t  from A t o  B ,  o r  can estimate it on i t s  own 
e n t r y ,  tB, t h e n  t h e  f o l l o w i n g  c o n s i d e r a t i o n s  c o u l d  t a k e  p l a c e .  
A s  soon a s  a  f rame o f  a l e t te r  h a s  been r e c e i v e d ,  an e s t i m a t i o n  
of  t h e  i n t e r v a l  b e f o r e  t h e  a r r i v a l  o f  t h e  n e x t  f rame can be  made. 
T h i s  i n t e r v a l  depends on t h e  t i m e  i n t e r v a l  between t h e  g e n e r a t e d  
f rames and some f u n c t i o n  o f  t h e  d i s t a n c e  and d e l a y s  due t o  t h e  
queues i n  t h e  network t ( l $ , d g ) ,  where 12 is  t h e  d i s t a n c e  and 
dB t h e  d e l a y  caused by t h e  queues .  I f  w e  know t h a t  t h e  minimal 
d i s t a n c e  i s  e q u a l  t o  one and t h e r e f o r e  t h e  whole queue ing  d e l a y  
i s  c o n c e n t r a t e d  a t  one node o n l y ,  w e  can e s t i m a t e  t h a t  t h e  v a r i -  
ance o f  t h e  d e l a y  w i l l  be :  

I f  t h e  d e l a y  i s  d i s t r i b u t e d  ove r  n  t r a n s i t  nodes ,  and i f  w e  
assume t h a t  t h e  d e l a y s  a r e  even l y  d i s t r i b u t e d  o v e r  a l l  n  nodes ,  
w e  can c a l c u l a t e  t h e  v a r i a n c e  o f  t h e  d e l a y  a s :  

where Di i s  t h e  v a r i a n c e  o f  d e l a y  a t  node i ,  and a s  w e  know i s  
s m a l l e r  t h a n  t h e  v a l u e  o f  t h e  p r e v i o u s  e x p r e s s i o n  f o r  t h e  con- 
c e n t r a t e d  aueue.  

So i f  w e  e x p l i c i t l y  know t h e  d e l a y  between nodes ,  w e  can 
assume t h a t  t h e  v a r i a t i o n  i n  t h i s  d e l a y  w i l l  be  less f o r  a  l ong  
d i s t a n c e  t h a n  f o r  a s h o r t  o n e ,  i f  t h e  d e l a y  i s  t h e  same. The 
e s t i m a t i o n  of  t h e  v a r i a n c e  a l s o  a l l o w s  one t o  set  up t ime-ou t ,  
t o  cove r  t h e  r i s k  o f  s t a t i s t i c a l  o s c i l l a t i o n  o f  d e l i v e r y  t i m e .  



I£ INWG 96.1 i s  implemented on t o p  of  t h e  X.25, a s  w e  
assume i n  o u r  r e f e r e n c e  model, and i f  X.25 i s  implemented i n  
such a way t h a t  t h e  a c t u a l  r o u t e  o f  t h e  packe t s  be long ing t o  
t h e  same c a l l  i s  f i x e d  f o r  t h e  whole d u r a t i o n  o f  t h e  c a l l ,  t h e  
d e l i v e r y  t i m e  of  a packe t  i n c r e a s e s  accord ing  t o  i t s  number i n  
t h e  success ion  (Butrimenko and S i c h r a  1979) .  Th i s  dependence 
on t h e  number of  t h e  packe t  is  caused,  a s  h a s  been shown i n  
Butrimenko and S i c h r a ,  by t h e  d e c r e a s i n g  e f f i c i e n c y  o f  t h e  
f i x e d  r o u t e  w i t h  t h e  t i m e .  The d e l i v e r y  t i m e  o f  e v e r y  subse-  
quen t  packe t  i s  g r e a t e r  by 5 - 2 0 %  t han  t h e  p rev ious  i n t e r v a l  
between t h e  packe t s .  Th is  pe rcen tage  i n c r e a s e s  w i t h  t h e  l oad  
of  t h e  network and t h e  d i s t a n c e ,  IE, between t h e  communicating 
nodes. Th i s  h a s  t h e  p r a c t i c a l  consequence t h a t  t h e  e s t i m a t i o n  
of  t h e  t i m e  paramete r ,  TRS , shou ld  t a k e  i n t o  accoun t  t h e  se- 
quence number of  t h e  f ragments  o f  t h e  same l e t t e r s ,  and t h e  
l oad  and d i s t a n c e .  

7. CONCLUSIONS 

I n  t h i s  paper  t h e  a u t h o r s  have made an a t t emp t  t o  look  a t  
t h e  s e t  o f  p r o c o t o l s  a s  one e n t i t y  and t r i e d  t o  i d e n t i f y  i n t e r -  
r e l a t i o n s  between some of  t h e  paramete rs  o f  v a r i o u s  l a y e r s .  

Th i s  l e d  t o  t h e  n e c e s s i t y  o f  d e f i n i n g  a number o f  c l a s s e s  
o f  pa ramete rs  which go through a l l  t h e  l a y e r s .  Th i s  a t t e m p t ,  
a l though  l i m i t e d  t o  a sample a r c h i t e c t u r e ,  h a s  shown a l a r g e  
v a r i e t y  o f  t h e s e  paramete rs  and t h e  r a t h e r  comp l i ca ted  i n t e r -  
connec t i ons  between them. Some o f  t h e  i n t e r r e l a t i o n s  found,  
a s  w e l l  a s  o t h e r s  which cou ld  be found by f o l l ow ing  a s i m i l a r  
methodology, can b e  used bo th  i n  t h e  des ign  phase o f  a computer 
network and i n  t h e  o p e r a t i o n a l  phase.  The a u t h o r s  i n t e n d  t o  
con t i nue  t h e  work begun i n  t h i s  paper  i n  o r d e r  t o  ach ieve  a 
more c l e a r  and comprehensive unders tand ing  of  t h e  i n te rdepen -  
dence of  t h e  parameters .  



Table 1 .  X . 2 5  parameters: 1st and 2nd leve l  

parameter c l a s s  

physical  
layer  

l i n k  
layer  



T a b l e  2 .  X . 2 5  p a r a m e t e r s :  3 r d  l e v e l  

p a r a -  
m e t e r  

p h a s e  

TTp2 

TCp 3  

TTp 3 

TCp2 

TTp6 

N T P ~  

TCp7 

NCp7 

TTp 7  

TCp6 

TTi2  

TCi3  

T T i 3  

TCi2 

TTd2 

NTd2 

TCd3 

N C d 3  

'Ed2  

NCd2 

TTr  1  

NTr 1 

S e t u p  

S e t u p  

S e t u p  

S e t u p  

C l e a r  

C l e a r  

C l e a r  

C l e a r  

C l e a r  

C l e a r  

T r a n s f .  

T r a n s f .  

T r a n s f .  

T r a n s f  . 
R e s e t  

R e s e t  

R e s e t  

R e s e t  

R e s e t  

R e s e t  - 

R e s t a r t  

R e s t a r t  

d e f .  o n  class n o t e  p a r a -  p h a s e  d e f .  un c l a s s  n o t e  
m e t e r  

DTE T  

DCE T  

DTE T 

DTE T  

DTE T  

DCE T  

DCE T  

DTE T  

DCE T  

DTE T  

DCE T  

DTE T  

DCE T  

DTE T.. 

DTE T  

DCE T  

DCE T 

DCE T  

DCE T  

DTE T  

DTE T  

TCr2 R e s t a r t  DCE T  

NCr2 R e s t a r t  DCE T  

TTr2 R e s t a r t  K E  T  

TCr l  R e s t a r t  DCE T  

NCr 1  

Wtc 

L 
P' 

Hs 

Hc 

Hd 

Hr 

R e s t a r t  

T r a n s f .  

T r a n s f .  

T r a n s f  . 
S e t u p  

C l e a r  

T r a n s f .  

R e s e t  

DCE 

DTE & DCE 

DTE & DCE 

DTE & DCE 

DTE-DTE 

DTE- DTE 

DTE-DTE 

DTE-DTE 

Ho R e s t a r t  DTE-DTE C  

E  
P Any ' DTE B 

N v  h Y  DTE B 

C 
P Any DTE-DTE B 

A S e t u p  DTE-DTE B 
P: 

D  
pm 

T r a n s f .  DTE-DTE B 

D 
p i  

T r a n s f .  D1E-DTE B 

D S e t u p  DIE-DTE B 
Pe 

(1)  T h i s  p a r a m e t e r  is o p t i o n a l ,  a s  its e x i s t e n c e  d e p e n d s  upon t h e  r a t u r e  o f  t h e  
i n t e r f a c e  b e t w e e n  t h e  3 r d  a n d  4 t h  l e v e l  o f  t h e  DTE. 

(2 )  T h i s  p a r a m e t e r  i s  o p t i o n a l ,  a s  i ts  e x i s t e n c e  d e p e n d s  upon  t h e  i n t e r n a l  
mechan isms i m p l e m e n t e d  o n  t h e  s u b n e t w o r k .  





Table 4. INWG 96.1 parameters 

parameter c l a s s  t .  s .  t . s .  
c l a s s  e lement  

-- 

n o t e  parameter c l a s s  t . s .  t . s .  no te  
c l a s s  e lement  

PA 

PA 

IT 

TL 

TT 

IT,TL,TT,EC,FC 

IT,TL,TT,EC,FC 

GE 

GE 

GE 

GE 

GE 

GE 

GS 

GS 

TL, TT 

TL,TT 

TL , TT 

TL,TT,GE,GS 

TL,TT 

TL 

IT 

TT 

TT 

TT 

TL,EC 

TL , EC 

TL, EC 

TL,IT,FC 

TL,FC 

( 1 )  The f i r s t  parameter a s  b i t  e r r o r  r a t e ;  t h e  second a s  message e r r o r  r a t e .  
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I 
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Call 
tonnead 
Cree Note 1 

DTE 
call ;equest Incorning call 

Data transfer tZ-, 
a )  C a l l  Set -up  Phase  

DTE Any state 

call 
accz 
(set 

DTE Clear confirmation 
or Ckar ilrdication or Clear requcst 

OXTI6U 

Note 1. - This transition is possiblc only ii t l ~ c  prcvious statc \\,as DTI: LQitirrg (p2). 
Note 2. - This transition is possiblc only i f  tllc prcvious statc \\.as DCI:' IVcifing (p3). 
Note 3. - This transition will takc ylacc aflcr a time-out in L I I E  nctwork. 

b) C a l l  C l e a r i n g  Phase  

F i g u r e  3 .  P a c k e t  L e v e l  DTE/DCE I n t e r f a c e  S t a t e  
Diagram f o r  a L o g i c a l  Channe l  



DTE INTERRLIPT 

DTE INTERRUPT DCE INTERRUPT 

F i g u r c  4 .  S t a t e  D j - a g r a n  f o r  K x c h a n q e  o f  I n t e r r u p t  
P a c k e t s  



R e v t  Reat 
indication 

'WU-t (sce Notc 1) 

&re 1. - l l l is transition will take place after r time-out in the network. 

F igu re  3. X . 2 5  - Reset  Phase 

Stam p l  to  p7 
Statcs d 1 to d3 

DTE 
Note 1) 

Restart mquesi Restart indication 

Restart 
indtcation 
(see Note 3) 

Restart7;idration or Restart request or 
DCE Restart confirmation DTE Rerun confirmation 

(sea Note 2) 

Note I .  - Stalcs p l  to p7 for v i r t i~d  calls or states d l  to d3 for pcrrntncnt virtual circuits. 
Note 2. Stalc pI for virtt~al calls or statc d l  for pcrmancl~t v i r t~~a l  circuits. 
Note 3. - This t rxnsi l io~~ will tnkc placc aftcr a titnoout in tltc nctwork. 

F igu re  6 .  X . 2 5  - R e s t a r t  Phase 
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Figure 7 .  Flow of Le t t e r s ,  Le t t e rg ram,  Cred i ts  and 
Acknowledgements i n  INWG 9 6 . 1  Protocol 



(send LI -1t:IT 

Rccc ivcd  

User 
Czrnand 

(send LI -TEIi:.I) 

LI -TERM 
r e c e i v e d  

(send L I -TERM 1 

User t e n n i n a t i o n  
or t irnc-out 
or disagreement on  
paramctc rs  

(send LI -TEWI 1 

f i  LI -7EP:J r c c e i v c d  P\ u (send LI-l'EXii'l w 

~igure '  8. Initialization/Termination State Diagram 
of INWG 96.1 Protacol 
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DTE 1 DCE 1 DCE 2 DTE 2 

DTE DCE DCE DTE 

P = PHYSICAL LAYER 
L = LINK LAYER 
N = IVETWORK LAYER 
T = TRAIVSPORT LAYER 

F i g u r e  9 .  P r o t o c o l  L a y e r s  and  Cornniunication 
Network 



NOTES 

[ I ]  Th is  i s  n o t  a  c h a r a c t e r i s t i c  parameter  of  t h e  l i n k  
l a y e r .  

[ 2 ]  From t h e  Annex 3 t o  Recommendation X.25: "ERROR: 
t h e  DCE i n d i c a t e s  a  c l e a r i n g  by t r a n s m i t t i n g  t o  t h e  
DTE a  C l e a r  i n d i c a t i o n  p a c k e t ,  w i t h  an i n d i c a t i o n  
o f  Local  Procedure  E r r o r .  I f  connected through t h e  
v i r t u a l  c a l l ,  t h e  d i s t a n t  DTE i s  a l s o  informed o f  
t h e  c l e a r i n g  by a  C l e a r  i n d i c a t i o n  p a c k e t ,  w i t h  an 
i n d i c a t i o n  o f  Remote p rocedure  E r r o r . "  

[3 ]  Th i s  t ime-out  i s  e x p l i c i t l y  ment ioned i n  Note 3  of 
F i gu re  15/X.25. 

[4 ]  In  t h e  Recommendation: "The on l y  u n i v e r s a l  s i g n i f i -  
cance of  a  P(R)  va lue  i s  a  l o c a l  upda t ing  of  t h e  
window a c r o s s  t h e  packe t  l e v e l  i n t e r f a c e ,  b u t  t h e  
P ( R )  va lue  may be  used w i t h i n  some A d m i n i s t r a t i o n s '  
networks t o  convey an end-to-end acknowledgement." 

[5 ]  Th i s  t ime-out  i s  e x p l i c i t l y  ment ioned i n  Note 1 o f  
F i gu re  16/X.25. 

[6 ]  Th i s  t ime-out  i s  e x p l i c i t l y  ment ioned i n  Note 3  o f  
F i gu re  17/X.25. 

[7 ]  128 o c t e c t s  i n  t h e  Recortmendation, b u t  it i s  al lowed 
t o  B e  2n - w i t h  n  i n  t h e  range from 4 t o  1 0  - o r ,  
e x c e p t i o n a l l y ,  255 o c t e c t s ,  a s  suppo r ted  by some 
Admin i s t r a t i ons .  



T h i s  is n o t  a  c h a r a c t e r i s t i c  p a r a m e t e r  o f  t h e  
network l a y e r .  

I t  must ,  however,  be  ment ioned t h a t  t h e  t r a n s -  
p o r t  p r o t o c o l  o f  CYCLADES, which implements 
s u b s t a n t i a l l y  a s u b s e t  o f  INWG 96,  h a s  been 
d e s c r i b e d  by means o f  a  m o d i f i e d  v e r s i o n  o f  
t h e  Theory o f  C o l l o q u i e s  (Danth ine  and B r e m e r  
1 9 7 8 ) .  

"When t h e  queues t h a t  r e p r e s e n t  t h e  model o f  
t h e  a s s o c i a t i o n  are empty and t h e  r e c e i v e r  i s  
w i l l i n g  t o  a c c e p t  a l e t te r " .  

Of t h e  "S"-mode t r a n s p o r t  s e r v i c e  w i t h  t h e  "X" 
o p t i o n  f o r  s y n c h r o n i z a t i o n .  

C r e d i t  f o r  T ransmiss ion  w i t h o u t  D e l i v e r y  Con- 
f i r m a t i o n  is  n o t  a l l owed  by t h e  p r o t o c o l  s p e c i -  
f i c a t i o n s  i n  t h e  document. I t  must be  n o t e d  
t h a t  i n  t h i s  p a p e r  " f l ow  c o n t r o l "  h a s  a  meaning 
q u i t e  d i f f e r e n t  f rom t h e  one i n  X.25, a s  it i s  
i n t e n d e d  t o  b e  between t h e  end t r a n s p o r t  
s t a t i o n s .  I n  b o t h  cases, f l o w  c o n t r o l  i s  
b a s e d  on a u t h o r i z a t i o n s  f rom t h e  r e c e i v e r ,  
b u t  t h e  two f l o w  c o n t r o l  p r o c e d u r e s  d o  n o t  
o v e r l a p ,  a s  one ( X .  25) is  a l o c a l  m a t t e r ,  
i n f l u e n c e d ,  f o r  example,  by s i t u a t i o n s  o f  sub-  
network c o n g e s t i o n ,  w h i l s t  t h e  o t h e r  ( I N W G )  i s  
e x c l u s i v e l y  o p e r a t e d  by t h e  t r a n s p o r t  s t a t i o n s ,  
and i s  i n f l u e n c e d  by t h e  a v a i l a b i l i t y  o f  l o c a l  
r e s o u r c e s .  

I t  i s  ana logous  t o  t h e  N-pa ramete r ,  T 2 ,  i n  t h e  
s p e c i f i c a t i o n s  o f  X.25, l e v e l  2. 

A "node"  i s  n o t  n e c e s s a r i l y  a DCE: it might  
have ,  f o r  example,  o n l y  a s w i t c h i n g  f u n c t i o n  
between DCEs ,  o r  between DCEs and o t h e r  "nodes" .  
Each DCE i s  a  node.  

I t  s h o u l d  be  q u i t e  clear t h a t  n o  q u a l i t a t i v e  
p rob lem o f  a d a p t a b i l i t y  d o e s  e x i s t  between t h e  
f i r s t  t h r e e  l e v e l s ,  a s  t h e y  a r e  s p e c i f i e d  by 
t h e  sane document. 

The C a l l  Request  and Incoming C a l l  p a c k e t s  can  
b r i n g  u s e r  d a t a  up t o  16 o c t e c t s ,  t h a t  a r e  p a s s e d  
unchanged by t h e  DCE. 



[ I 7 1  I t  must be  noted t h a t ,  a s  t h e  t e r m  " v i r t u a l  con- 
n e c t i o n "  i n d i c a t e s  e i t h e r  PVC o r  SVC, Hyp. 4 and 
Hyp. 5 a r e  independent  of  each o t h e r .  

[ I 8 1  Assuming t h a t  a frame i s  l o s t ,  t h e n  i f  t h e  suc- 
ceed ing  frame is n o t  l o s t ,  it w i l l  be  d i s c a r d e d  
by t h e  receiver a s  it i s  o u t  o f  sequence.  The 
acknowledgement con ta ined  i n  it i s ,  however, 
taken  i n t o  accoun t .  The re fo re ,  t h e  receiver 
w i l l  n o t  r e t r a n s m i t  t h e  frame a s  be ing  acknow- 
1edged ; i f  t h e  succeed ing  frame i s  a l s o  l o s t ,  
no acknowledging frame w i l l  r each  t h e  r e c e i v 3 r  
du r i ng  i t s  " t i m e r  recovery  c o n d i t i o n "  p e r i o d .  
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